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PREFACE 


This  book  discusses  where  supplemental  irrigation  is  ad- 
visable; how  to  plan,  install,  and  operate  a  satisfactory  system; 
and  what  to  expect  from  it.  The  facts  regarding  supplemental 
irrigation  are  now  well  established,  although  not  generally 
known,  and  will  not  change  greatly. 

Meteorologists  give  no  hope  of  relief  from  damage  due  to 
irregular  rainfall  and  the  farmer  must  depend  on  his  own  efforts 
to  raise  his  farming  to  a  modern  high  level  of  production  by 
installing  his  own  supplemental  irrigation. 

The  discussion  is  a  practical  one  suitable  for  those  who  have 
little  previous  knowledge  of  the  subject.  The  ten  chapters  of  the 
text  will  suffice  for  general  reading ;  the  Appendixes  will  furnish 
technical  and  practical  details;  and  the  References  of  Appendix 
G  will  give  the  best  written  material  available. 

The  author  has  designed,  constructed,  and  managed  large 
and  small  irrigation  projects  in  the  West  and  has  attempted  to 
adapt  those  practices  to  the  smaller  developments  of  the  East, 
of  course  keeping  in  touch  with  eastern  progress.  The  methods 
described  have  proved  their  worth.  Sprinkling  predominates  in 
the  East  and  surface  methods  in  the  West.  Modifications  of  these 
practices  will  develop  under  special  conditions  but  they  should  be 
adopted  only  when  fully  accepted;  otherwise,  they  are  apt  to 
become  pitfalls  for  the  unwary. 

While  the  book  gives  the  generally  needed  information,  it  is 
still  advisable  to  consult  irrigation  and  other  experts  before 
investing,  at  least  during  early  years  of  operation. 

No  attempt  is  made  to  discuss  the  details  of  culture  for  any 
particular  crop  in  any  particular  region  since  these  are  constantly 
undergoing  change  and  improvement.  Teachers  of  agriculture  and 
other  advisers  must  keep  the  farmer  posted  on  late  developments. 

Following  World  War  II  it  became  apparent  that  the  interest 
in,  and  installations  of,  supplemental  irrigation  gave  promise  of 
a  new  industry  growing  along  with  farm  equipment,  electronics, 
television,  and  air  conditioning.  This  growth  is  being  realized  in 
all  these  mechanical  fields. 

Assuming  that  a  rapid  expansion  of  supplemental  irrigation 
was  coming,  the  author  prepared  a  Bulletin  of  the  Engineering 
Experiment    Station    of    the    University    of    Missouri    entitled 


Supplemental  Irrigation  for  Missouri  and  Regions  of  Similar 
Rainfall  and  it  appeared  in  1945.  About  that  time  manufacturers 
expanded  their  output  of  light-weight  pipe  and  sprinkler  systems, 
and  dealers  stepped  up  the  promotion  of  sprinkling.  In  order  to 
keep  abreast  of  these  developments,  the  Bulletin  was  revised 
three  times,  finally  in  1953.  By  this  time  a  more  comprehensive 
treatment  was  necessary,  hence  the  present  book  which  is  the 
first  relatively  complete  treatment  of  this  subject. 

The  material  presented  has  been  gathered  through  a  genera- 
tion of  time  from  many  sources,  persons,  and  experiences.  The 
United  States  Bureau  of  Reclamation  is  quoted  extensively  as  the 
outstanding  authority  for  irrigation,  even  though  it  operates  only 
in  the  West.  So  far  as  possible  credit  is  given  throughout  the 
book  but  appreciation  is  also  expressed  gratefully  here.  Progress 
in  irrigation,  as  in  most  things,  results  from  the  combined  efforts 
of  many  people. 

January,  1954.  The  Author 


Editor's  Foreword 


The  use  of  supplemental  irrigation  in  vast  sections  of  the 
country  which  have  never  been  irrigated  would  add  a  new 
dimension  to  farming.  It  seems  almost  certain  that  the  practice 
will  spread  and  it  may  spread  rapidly.  Alert  farmers  and  the 
teachers  and  advisers  of  farmers  should  be  prepared  for  it. 

Professor  Rubey,  the  author  of  this  book,  has  the  back- 
grounds of  practical  experience  and  theoretical  training  necessary 
to  indicate  the  possibilities  and  limitations  of  supplemental  ir- 
rigation and  the  precautions  to  be  observed  in  its  use.  He  has 
adapted  to  the  more  humid  sections  the  practices  developed 
through  generations  in  the  arid  parts  of  the  West.  Certainly  the 
East  has  much  to  learn  from  the  West  about  the  use  of  water  in 
increasing  farm  production  and  making  it  more  certain. 

The  techniques  of  supplemental  irrigation  are  here  and  have 
been  used  successfully  in  many  of  the  sections  to  which  it  is 
adapted.  But  their  introduction  is  not  as  simple  as  exchanging 
open-pollinated  for  hybrid  corn;  their  use  involves  almost  a  new- 
way  of  life  for  the  farmers  who  use  them.  It  took  15  years  com- 
pletely to  introduce  hybrid  corn  in  two  Iowa  townships ;  unless 
our  procedures  in  introducing  supplemental  irrigation  are  much 
better,  we  can  predict  that  farmers  will  wait  a  much  longer  time 
before  realizing  its  advantages. 

Technical  advisers  and  demonstrations  of  practical  use  are 
all-important  in  getting  the  new  irrigation  practices  established. 
An  educational  program  through  the  schools,  agricultural  exten- 
sion, and  other  agencies  is  as  urgently  needed.  Farmers  will  have 
to  get  used  to  a  big  and  complex  new  idea,  change  some  pretty 
fundamental  attitudes,  and  replan  much  of  their  farming  if  large- 
scale  benefits  are  to  be  derived  from  supplemental  irrigation. 
Helping  farmers  to  see  the  advantages  to  be  gained  and  the  sacri- 
fices that  must  be  made  to  gain  them,  so  that  they  may  decide 
intelligently  what  to  do  and  act  accordingly,  is  the  task  of  our 
agencies  for  agricultural  education,  an  enormous  task  in  this 
particular  instance. 

It  is  believed  that  the  book  will  be  useful  to  all  concerned :  to 
farmers,  to  technical  advisers,  and  to  those  who  teach  farmers. 
Since  it  is  now  the  only  book  on  the  subject,  it  may  be  almost 
indispensable  in  effecting  a  major  revolution  in  American 
farming. 

H.  M.  HAMLIN 
Editor 
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CHAPTER  I 

INTRODUCTION 

Since  World  War  II  the  management  of  industry  has  become 
professional;  invested  capital  and  operating  costs  have  risen; 
and  the  whole  production  and  distribution  process  has  changed 
decidedly  to  become  more  orderly,  more  certain,  and  more 
profitable. 

Similar  advances  have  been  made  in  agriculture.  The  best 
farm  practices  developed  by  research  and  experiment  are  being 
passed  on  to  farmers  by  teachers  of  agriculture  and  by  other 
agricultural  experts  located  in  the  counties,  in  the  colleges  of 
agriculture,  and  elsewhere.  Equally  important,  federal  support 
or  other  methods  of  stabilizing  crop  prices  at  reasonable  levels 
seems  assured  and  the  age-old  hazard  of  ruinous  prices  may  be  a 
thing  of  the  past. 

Summary 

The  final  step  of  guaranteeing  adequate  moisture  for  the 
best  plant  growth  remains  to  be  taken.  Then  farmers,  like 
industrialists,  will  be  in  position  to  perfect  the  farm  and  its 
operating  conditions,  and  on  this  modern  basis  to  run  the  farm 
on  a  factory-like  planning  and  scheduling  with  greater  certainty 
of  output  and  profits.  This  is  being  done  at  Seabrook  Farms, 
referred  to  later.  Without  irrigation,  a  farmer  may  become  a 
marginal  crop  producer. 

The  remaining  critical  hazard  in  the  eastern  half  of  the 
United  States  is  the  uncertain  and  poorly  distributed  rainfall, 
and  this  is  now  the  only  factor  preventing  planned,  scheduled, 
and  heavy  crops  in  that  region.  Since  rainfall  supplies  most  of  the 
moisture  needed  here,  the  water  added  artificially  is  called 
supplemental  irrigation  as  contrasted  with  the  much  heavier  and 
more  expensive  irrigation  in  the  western  states  where  little  or  no 
rainfall  occurs  during  the  growing  season,  but  where  very  large 
crop  yields  are  planned  and  harvested  year  after  year  with  a 
regularity  unknown  in  the  East. 

Supplemental  irrigation  is  the  only  way  to  prevent  the  sav- 
ings   and   plans    of    years    from    being   wiped    out   by    serious 
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droughts.  The  major  droughts  of  1934  and  1936  in  the  Corn  Belt 
and  the  Great  Plains,  the  drought  of  1952  in  the  South  and  New 
England  with  some  fourteen  states  declared  disaster  areas,  and 
the  general  drought  of  1953  proved  that  most  localities  in  the 
humid  East  are  subject  to  drought  as  a  disaster.  Often 
drought  years  are  close  together  and  the  disastrous  results  are 
accumulated. 

The  less  noticeable  dry  spells  are  even  more  ssrious,  espe- 
cially the  lack  of  rainfall  which  occurs  most  years  at  critical 
periods  of  growth.  These  irregularities  in  rainfall  reduce  crop 
yields,  eat  away  profits  year  after  year,  prevent  the  intensive 
fertilization  and  close  spacing  of  plants  that  are  essential  for 
maximum  yields  and  profits  in  all  years,  and  prevent  that  perma- 
nent and  regular  year-after-year  farm  and  livestock  program 
which  is  essential  to  a  well-managed  agricultural  operation. 

But  the  famous  dictum  erroneously  attributed  to  Mark 
Twain,  "Everybody  talks  about  the  weather  but  nobody  does 
anything  about  it,"  is  no  longer  true. 

Much  progress  in  supplemental  irrigation  has  been  made  in 
recent  years,  and  it  has  become  recognized  that  its  adoption  for 
maximum  profit  requires  a  higher  type  of  culture  than  did  non- 
irrigated  farming.  This  improved  culture  returns  large  profits  in 
crop  yields,  often  over  100  per  cent  on  the  annual  cost  of  irriga- 
tion. It  also  gives  assurance  that  the  permanent  farm  and 
livestock  program  will  continue  without  interruption  from  dry 
weather  of  long  or  short  duration. 

Irrigation  is  not  suitable  everywhere  and  therefore  many 
farms  can  never  attain  maximum  production.  It  must  be  carefully 
planned  and  it  will  not  be  successful  if  undertaken  in  a  half- 
hearted manner. 

Supplemental  irrigation  should  be  used  in  most  years  on 
most  crops,  not  only  in  obvious  droughts,  and  preparation  must 
be  made  long  before  the  crops  are  planted.  When  dry  weather 
comes  it  is  too  late. 

The  extension  of  supplemental  irrigation  throughout  the 
East  will  ensure  uniform  maximum  crops  because  rainfall  is  in- 
adequate in  amount  or  distribution  through  most  seasons,  will 
ensure  increased  quality  and  quantity  of  crop  yields,  will  permit 
a  larger  plant  population  and  a  more  profitable  use  of  fertilizers, 
will  permit  better  crop  and  equipment  scheduling,  and  will  permit 
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raising  high-value  seed  and  other  crops  which  are  not  being 
grown  intensively  locally  at  the  present  time.  Preparing  the  land 
for  surface  irrigation  often  aids  drainage  and  facilitates  farm 
operations  and  early  spring  plowing. 

Irrigation  will  greatly  increase  land  values  ^s  it  has  in  older 
irrigated  districts.  The  diversification  of  agriculture  resulting 
from  irrigation  will  be  helpful.  Those  who  secure  large  and  choice 
crops  by  irrigation  and  use  of  fertilizer  will  usually  benefit  also 
from  higher  prices.  Doubling  of  yields,  or  100  per  cent  return  on 
the  annual  irrigation  cost,  is  not  uncommon.  When  irrigation 
practices  improve,  even  greater  benefits  will  be  realized. 

As  farm  income  continues  at  a  relatively  satisfactory  level, 
profitable  and  permanent  improvements  on  the  land  such  as 
supplemental  irrigation  provide  an  excellent  investment  for  sur- 
plus funds. 

The  East  should  capitalize  on  the  competitive  advantage  it 
possesses  over  arid  regions*  because  irrigation  there  is  less 
difficult  and  less  expensive,  because  no  costly  pioneering  settle- 
ment is  needed,  and  because  better  and  closer  markets  are  avail- 
able. The  irrigable  acreage  in  the  East  will  be  larger  than  that  of 
the  western  states. 

Although  supplemental  irrigation  in  humid  and  sub-humid 
regions  has  been  practiced  in  a  limited  manner  since  ancient 
times,  it  is  only  in  recent  years  that  it  has  been  extended  over 
two  and  one-half  million  acres  east  of  the  100°  meridian  of  this 
country  and  developed  on  a  systematic,  economic,  and  scientific 
basis.  The  100°  meridian  passes  through  the  centers  of  the 
Dakotas,  Nebraska,  and  Texas  and  through  the  western  ends 
of  Kansas  and  Oklahoma.  Recent  expansion  of  supplemental 
irrigation  has  been  rapid  and  many  improvements  are  available. 
However,  the  movement  is  in  its  infancy,  greater  returns  are  yet 
to  come,  and  its  literature  is  scattered. 

It  is  the  purpose  of  this  book  to  summarize  the  possibilities 
of  supplemental  irrigation  for  the  East,  to  advocate  successful 
practices  for  eastern  conditions,  to  warn  against  pitfalls,  and 
to  provide  a  selected  list  of  annotated  references. 

A  High  Type  of  Crop  Culture 

The  supplemental  irrigation  here  advocated  is  not  simply 
adding  a  little  water  to  ordinary  farming  operations,  but  rather 


*The  1941  Yearbook  of  Agriculture,  pp.   195-6. 
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is  the  foundation  for  a  new,  improved  crop  culture  which  differs 
considerably  from  the  usual  farming  without  irrigation  and 
which  returns  large  profits.  It  is  not  recommended  that  supple- 
mental irrigation  be  undertaken  unless  on  a  thorough  and 
permanent  basis  accompanied  by  a  high  type  of  culture  which 
will  include  the  following  items. 

1.  Intensive  Fertilization:  Without  irrigation,  fertilizer  ap- 
plications can  be  increased  profitably  only  as  much  as  is  justified 
by  the  probable  amount  and  distribution  of  rainfall.  In  recent 
years,  and  particularly  in  dry  1952  and  1953,  this  profitable  limit 
often  has  been  exceeded  when  rainfall  was  insufficient,  and  an  un- 
favorable impression  has  been  created  of  the  value  of  heavy 
applications  of  fertilizer.  Too  much  fertilizer  with  too  little  water 
may  be  harmful.  As  a  matter  of  fact  it  is  impossible  to  estimate 
and  balance  carefully  the  amount  of  fertilizer  used  with  the 
always  uncertain  amount  and  distribution  of  rainfall  for  the 
coming  season. 

On  the  contrary,  if  supplemental  irrigation  is  available,  the 
total  applications  of  rainfall  and  irrigation  will  be  furnished  at 
the  right  time  and  in  the  right  amount.  With  moisture  thus 
controlled  the  maximum  profitable  fertilizer  application  (chem- 
ical, barnyard,  or  green)  needed  for  a  proposed  maximum  yield 
may  be  estimated  accurately  by  experienced  advisers  and  used 
safely  with  no  danger  of  over-fertilization. 

2.  Closer  Spacing  of  Plants:  Based  on  the  proposed  maxi- 
mum yield  as  chosen  in  item  (1)  above,  the  number  of  plants  per 
acre  needed  to  produce  the  yield  can  be  accurately  estimated 
and  planted  according  to  good  standards  of  practice  and  cultiva- 
tion. It  is  then  almost  certain  that  the  anticipated  maximum  yield 
will  be  attained  since  both  the  plant  nourishment  and  water  re- 
quired will  have  been  furnished. 

3.  Selected  Strains  of  Plants:  As  in  any  high  standard  of 
culture,  the  strains  of  plants  must  be  found  experimentally  that 
will  produce  the  most  satisfactory  yield  under  the  irrigated  con- 
ditions in  (1)  and  (2)  above.  They  may  not  be  the  strains  used  in 
non-irrigated  farming. 

4.  Scheduling  of  Crops:  Thornthwaite  (Reference  34  and 
others)  has  developed  a  basis  for  scheduling  the  planting  and 
harvesting  of  irrigated  (not  dry-farmed)  crops  which  will  aid  in 

(a)    Planting  at  the  most  favorable  time, 
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(b)  Maturing  at  the  best  time  for  marketing  and  other 
advantages, 

(c)  Raising  more  than  one  crop  per  season  on  the  same 
land  and  plowing  and  planting  early, 

(d)  Balancing  farming  as  mentioned  in  (5)  following, 
and 

(e)  Minimizing  the  investment  in  farm  equipment  by 
scheduling  it  for  use  on  a  maximum  number  of 
days. 

Based  on  adequate  moisture  being  always  available  from 
irrigation,  Thornthwaite  has  constructed  a  graphical  scale,  soon 
to  be  available,  which  gives  the  crop  scheduling  basis  for  any  part 
of  the  United  States.  For  a  particular  crop,  it  shows  when  that 
crop  will  mature  after  planting  on  a  chosen  date,  for  any  given 
latitude.  However,  it  must  be  remembered  that  it  applies  only 
when  adequate  moisture  is  available  to  the  crop  and  of  course 
this  means  under  supplemental  irrigation. 

5.  Balanced  farming.  Also  weed  and  pest  control. 

6.  Essential  Education  and  Advice:  It  is  even  more  im- 
portant that  irrigated  farming  be  practiced  under  the  best  educa- 
tion and  advice  available  than  is  the  case  with  the  older  non- 
irrigated  farming.  Not  only  is  there  more  capital  invested  and 
more  operating  expense  and  labor  involved,  but  a  newer  and 
better  planned  farm  program  is  needed  which  does  not  follow 
older  and  better  known  practices. 

Educationally,  teachers  of  agriculture  will  have  a  large  part 
in  developing  the  understandings,  appreciations,  and  changes  of 
attitude  necessary,  and  in  time  they  may  be  expected  to  be 
teaching  unit  courses  on  the  subject  with  related,  on-farm  prac- 
tice. County  agents,  advisers  from  colleges  of  agriculture,  and 
Soil  Conservation  Service  men  in  many  regions,  all  can  contribute 
to  successful  irrigated  farming  and  must  be  consulted. 

Recently  a  secretary  of  agriculture  truly  said,  "The  basic 
long-range  needs  of  American  Agriculture  are  to  reduce  costs, 
to  improve  quality,  and  to  expand  markets.  The  sound  approach 
to  every  one  of  these  needs  is  through  research  and  education." 

Examples  and  explanations  of  the  several  foregoing  items 
are  given  throughout  this  book. 

Experience  Available 

Seventy-one  thousand  acres  were  under  successful  supple- 
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mental  irrigation  in  the  Willamette  Valley  of  Oregon,  according 
to  the  1950  U.  S.  Census,  and  plans  are  now  underway  to  in- 
crease the  acreage  greatly.  Of  the  total  annual  rainfall  of  38 
inches  only  6  inches  falls  in  the  five  summer  months.  Consider- 
able data  are  available  from  this  region  where  supplemental 
irrigation  has  been  practiced  over  40  years,  and  where  the  author 
was  engineer  and  manager  of  an  early  project.  See  especially 
References*  6,  12,  52,  59,  203,  213,  and  219. 

More  recently  the  Tennessee  Valley  Authority,  the  Univer- 
sity System  of  Georgia,  and  agencies  of  adjoining  states  have 
conducted  experiments  which  show  supplemental  irrigation  to  be 
profitable  even  in  that  region,  where  the  annual  rainfall  is  more 
than  50  inches.  See  References  8,  13,  16,  17,  33,  38,  39,  57,  62, 
65,  69,  and  70. 

One  hundred  and  twenty-five  thousand  acres  of  corn  have 
been  irrigated  successfully  in  Eastern  Nebraska. 

In  the  devastating  southwest  drought  of  1953,  one  progres- 
sive rancher  raised  1500  bales  of  cotton,  1  per  cent  of  the  total 
crop  of  the  Rio  Grande  Valley,  by  supplemental  irrigation  from 
10  deep  wells. 

A  study  many  years  ago  (Reference  4)  found  108  places  in 
Missouri  where  irrigation  was  practiced  on  a  small  scale  with 
fairly  satisfactory  results,  although  often  the  techniques  were 
crude.  Many  of  the  facilities  were  emergency  installations  neces- 
sitated by  the  serious  droughts  of  1934  and  1936,  and  they  were 
neither  planned  nor  operated  to  secure  the  best  returns. 

Seabrook  Farms  near  Bridgeton,  New  Jersey,  in  1951  sold 
$23  million  worth  of  frozen  fruits  and  vegetables  raised  partly 
on  its  own  4,000  acres  of  scientifically  irrigated  land.  Nothing 
is  left  to  chance  from  the  original  crop  scheduling  onward 
through  planting,  irrigating,  freezing,  and  marketing  but  all  is 
carefully  planned  in  detail  as  far  as  two  years  in  advance.  A  staff 
of  chemists,  home  economists,  bacteriologists,  climatologists,  and 
irrigation  engineers  is  always  on  duty.  Such  planning  accounts 
for  the  growth  from  a  60-acre  farm  to  the  largest  integrated 
truck  farm  and  quick-freezing  plant  in  the  world.  See  References 
32,  34,  36,  37,  and  41. 

Satisfactory  results,  examples  of  which  will  be  found  in 
References  2,  7,  11,  24,  31,  40,  63,  64,  66,  67,  68,  71,  72,  74, 
75,  and  102,  have  been  obtained  in  other  humid  and  sub-humid 


♦These  and  subsequent  references  are  listed  in  Appendix   G   at  the  end  of  the  book. 
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regions.  Over  one  and  one-half  million  acres  of  rice  and  citrus 
land  are  irrigated  in  the  wet  South. 

In  few  of  these  cases  has  the  irrigation  been  accomplished 
under  the  best  conditions  that  are  modernly  possible,  and  much 
better  results  will  be  obtained  as  advantage  is  ta4cen  of  the  latest 
experience,  advice,  and  improvements. 

In  a  1952  estimate  based  on  the  1950  U.  S.  Census  plus 
normal  increase  and  recent  reports  from  agricultural  colleges, 
Colonel  C.  R.  Pettis  estimates  that  the  humid  East  had  32,000 
farms  totaling  2,600,000  acres  under  supplemental  irrigation,  as 
compared  with  304,000  farms  totaling  26,000,000  acres  under  full 
irrigation  in  the  arid  West. 

Colonel  Pettis  makes  an  interesting  prediction  of  reasonable 
prospective  yields  for  irrigated  crops  as  follows.  Though  these 
estimates  appear  optimistic,  they  are  practical  goals  at  which  to 
aim. 

Alfalfa 7  tons 

Apples 400  boxes 

Beans  pole 350  bushels 

Beef 500  pounds 

Cabbage 12  tons 

Cauliflower 8  tons 

Corn 150  bushels 

Cucumbers 12  tons 

Grapes 5  tons 

Lespedeza 5  tons 

Lettuce 9  tons 

Milk 7500  pounds 

Onions 10  tons 

Oranges 850  boxes 

Peaches 350  crates 

Potatoes 350  bushels 

Sweet  corn 1500  dozens 

Sweet  potatoes 400  bushels 

Tomatoes 10  tons 

Turnips 12  tons 

Turnip  greens 10  tons 

Thornthwaite  in  Reference  37  states : 

As  I  have  said,  the  progressive  farmer  in  New  Jersey  produces 
400  bushels  of  potatoes  per  acre.  But  with  supplementary  irrigation 
the  yield  rises  to  600  bushels  and  when  water  is  scientifically  sched- 
uled, 800  bushels  per  acre  are  obtained.  Since  this  latter  figure  is  still 
far  below  the  record  yield  of  1300  bushels  per  acre,  we  can  foresee 
the  time  when  the  good  farmer  who  is  using  irrigation  properly  will 
produce  1000  bushels  of  potatoes  to  the  acre. 
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Our  good  farmers  produce  80  bushels  of  corn  to  the  acre.  But  the 
record  corn  yield  in  the  United  States  is  above  250  bushels  per  acre. 

These  examples  show  that  we  still  have  a  long  way  to  go  before 
we  reach  the  limits  of  productive  capacity  of  our  crop  plants.  They 
also  confirm  what  we  have  learned  from  vegetable  production,  that 
scientific  irrigation  greatly  increases  the  benefits  of  all  other  good 
farming  practices;  fertilizers,  improved  seed,  and  pest  control.  Irriga- 
tion is  necessary  to  high  yields,  and  a  perfected  technique  of  irrigation 
is  required  for  maximum  yields 

The  practice  of  irrigation  is  not  yet  scientific,  however,  because 
farmers  do  not  know  how  much  water  is  needed  nor  when  water 
should  be  applied.  Often,  water  has  been  applied  late  or  in  insufficient 
amounts.  On  the  other  hand,  it  has  sometimes  been  used  in  excess. 
The  use  of  supplementary  water  has  not  increased  crop  yields  as  it 
should. 

Examples  of  Irrigated  Crop  Planning 

With  sufficient  water  for  growing  corn  assured  by  supple- 
mental irrigation,  the  reasonable  yield  to  be  expected  from  a 
suitable  field  should  be  estimated  (well  over  100  bushels  per 
acre),  the  strain  best  suited  to  irrigation  selected,  the  plant 
population  determined  with  a  Plants-Bushel  Ratio  (PER)  of 
100  or  less,  and  fertilizer  and  barnyard  or  green  manure  applied 
under  competent  advice  in  proportion  to  the  expected  yield.  This 
type  of  procedure  on  125,000  acres  of  corn  under  supplemental 
irrigation  in  eastern  Nebraska  is  producing  large  yields.  It 
illustrates  the  planning  of  a  high  type  of  culture  under  supple- 
mental irrigation  which  is  suitable  to  many  crops. 

As  another  example,  mention  should  be  made  of  irrigated 
pastures  (References  60,  61,  63,  64,  68,  69,  70,  and  73)  which 
have  proved  so  helpful  on  livestock  farms  and  which  illustrate  a 
kind  of  self -harvested  crop  that  reduces  the  labor  required.  With 
non-irrigated  pasture  almost  burned  up  throughout  the  South  and 
East  in  1952  and  the  Southwest  in  1953,  irrigated  pasture  was 
often  supporting  three  mature  beef  or  dairy  animals  per  acre  as 
against  one  animal  on  dry  pasture.  Fall  pasture  seeding  is  often 
facilitated  by  irrigating  after  the  seeding. 

From  Reference  63  and  from  Agricultural  Engineering, 
Vol.  32,  No.  3,  pp.  163-165,  March,  1951  are  quoted  the  detailed 
conclusions  for  carefully  conducted  irrigation  of  pasture  in 
Southern  Illinois  during  1949  and  1950.  Average  annual  rainfall 
is  45  inches.  Even  more  encouraging  results  were  secured  later 
but  are  not  available  in  published  form. 


Introduction  19 

The  following  results  were  noted  during  two  years  of  irrigation: 
Where  equipment  is  available  for  determining  available  soil  mois- 
ture, irrigation  should  be  started  when  the  soil  moisture  is  65  per  cent 
utilized,  perhaps  50  per  cent  for  maximum  production. 

When  rainfall  is  less  than  two  inches  in  two  weeks  during  the 
summer,  additional  moisture  must  be  applied  to  maintain  maximum 
growth  under  southern  Illinois  conditions.  Two-inch  applications  were 
more  economical  than  one-inch  applications.  ' 

Both  forage  yields  and  animal  gains  have  been  significantly 
increased  by  irrigation,  100  per  cent  with  poor  rainfall  and  53  per  cent 
with  good  rainfall. 

The  use  of  supplementary  water  seems  to  make  the  limestone 
available  more  rapidly  with  a  more  rapid  increase  in  the  pH  level. 

Higher  forage  yields  and  increased  growth  of  legumes  apparently 
reduced  the  pH  level  more  rapidly  as  a  result  of  heavier  utilization  of 
calcium. 

Irrigation  helped  to  keep  Ladino  clover  in  the  pasture  mixtures. 
Applying  nitrogen  fertilizers  to  an  irrigated   field   seeded  with 
Ladino  clover  in  the  pasture  mixture  produced  only  a  slight  increase 
in  the  yields  of  dry  matter. 

Nitrogen  fertilizer  applications  tended  to  reduce  the  amount  of 
Ladino  clover  and  to  increase  the  amount  of  grass  in  stands  on  treated 
strips. 

Legumes  were  a  more  economical  source  of  nitrogen  than  nitrogen 
fertilizers. 

Soil  treatment  was  as  important  as  irrigation  in  increasing  yields, 
and  a  combination  of  the  two  gave  maximum  yields. 

For  best  yields  where  the  phosphate  levels  are  low,  the  use  of 
additional  phosphate  is  advisable. 

Irrigation  may  be  profitable  in  years  of  normal  rainfall  where  as 
few  as  three  irrigations  are  required. 

The  advice  of  engineers  should  be  sought  for  both  source  of  water 
and  system  of  irrigation  to  be  employed. 

Irrigation  may  take  one  of  the  biggest  hazards  out  of  determin- 
ing the  carrying  capacity  of  pastures  from  year  to  year. 

The  statements  given  above  are  tentative  and  may  be  changed 
when  more  data  are  secured. 

By  contrast,  what  happens  to  pasture  without  irrigation  is 
indicated  in  a  Washington  Bureau  press  release  of  July  14,  1953 
stating  that  permanent  pasturage  in  southern  Missouri  was  gone, 
that  a  minimum  of  $8  million  worth  of  chemical  fertilizer  would 
be  needed  if  plentiful  rain  falls  soon,  and  that  double  that  amount 
will  be  necessary  without  rain.  It  was  stated  that  two  or  three 
years  of  good  rains  will  be  needed  to  build  up  blighted  pastures  in 
Texas. 

On  July  30,  1953  a  St.  Louis  newspaper  photograph  of  lean 
cattle  on  pasture  carried  the  caption,  "Not  even  weeds  will  grow 
on  this  once  'improved'  pasture.  ...  It  was  fertilized  and  seeded 
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according  to  the  latest  and  most  progressive  recommendations. 
But  now  the  drought  has  it  so  dry  that  nothing  will  grow  and 
cattle  are  losing  weight,  demoralizing  the  market." 

Federal  Recognition  of  Need  in  Connection 
With  Stabilized  Agriculture 

•        The  1938  Year  Book  of  Agriculture  of  the  United  States 

Department  of  Agriculture  states : 

In  most  of  the  Great  Plains  livestock  runs  on  native  grass 
pastures  or  on  the  open  range  during  most  years,  and  during  much 
of  the  year.  In  most  of  these  areas,  however,  it  is  essential  that  other 
winter  feed  and  emergency  supplies  be  provided  for  use  during  much 
of  the  winter  and  during  extremely  dry  years.  Often  in'igation  oifers 
the  only  possible  method  of  providing  such  insurance.  The  recent 
drought  periods  on  the  Great  Plains  region,  [1934  and  1936]  brought 
very  forcibly  to  the  front  the  need  for  this  type  of  supplemental 
irrigation. 

Stabilization  of  agriculture  in  many  parts  of  the  United  States 
could  be  aided  greatly  by  irrigation  of  these  three  types:  (1)  Supple- 
menting the  natural  precipitation  during  dry  periods  in  normally 
humid  areas,  (2)  watering  gardens  and  small  forage  patches  on  dry 
land  farms,  and  (3)  supplementing  range  livestock  feed  by  growing 
winter  and  emergency  forage  crops. 
The  lOIfO  Year  Book  of  Agriculture  further  states: 

Wherever  irrigation  development  on  the  Great  Plains  is  feasible 
it  should  be  carried  out  in  a  way  that  will  permit  an  integrated  use 
of  irrigated  and  non-irrigated  farming  land  along  with  grazing  land. 
Such  integration  would  be  most  desirable  on  a  farm-unit  basis,  but 
where  this  is  not  possible  integration  on  an  area  basis  should  be 
planned  in  order  that  irrigated  land  may  be  used  as  a  winter  feed 
base  for  livestock. 

The  natural  forces  influencing  Great  Plains  agriculture  are  so 
powerful  that  here,  more  than  anywhere  else,  public  action  seems 
necessary  to  assist  in  eff'ecting  the  adjustments  that  are  needed  to 
stabilize  the  agriculture  of  the  region.  Among  such  measures  is  the 
development  of  supplemental  irrigation. 
The  Year  Book  for  194.3  to  194.7  emphasizes  the  increasing 

value  and  possibilities  of  irrigation,  especially  with  the  use  of 

the   best  fertilizers,   and   with    spacing   and   strains   of   plants 

adapted  to  irrigation. 

The  Year  Book  for  1948  devoted  some  space  to  irrigated 

pastures  which  were  then  becoming  popular. 

The  last  three  Year  Books  for  1949,  1950-51,  and  1952  were 

on  special  subjects  not  involving  irrigation. 

"Little  Droughts"  do  the  Most  Damage 

The  easily  recognized  and  bad  droughts,  often  many  years 
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apart,  do  not  reduce  average  yearly  crop  yields  so  much  as  the 
unrecognized  little  droughts  do  year  after  year,  especially  when 
they  occur  at  critical  times  in  the  growth  of  the  plants.  The 
rainfall  may  appear  to  be  adequate  to  the  layman  but  the  farmer 
notices  that  it  is  poorly  distributed.  Because  it  is,  he  gets  year 
after  year  only  part  of  the  crop  he  could  harvest  if  he  knew  that 
water  would  be  available  when  he  needed  it  and  on  that  basis 
could  increase  the  plant  population  and  modify  fertilization  and 
general  culture. 

Hidden  drought  is  the  real  agricultural  threat  to  eastern 
United  States. 

Thus  supplemental  irrigation  and  the  intensive  cultivation, 
fertilization,  large  plant  population,  and  high  type  culture  which 
accompany  it  can  often  double  crop  production  year  after  year, 
and  can  prevent  crop  damage  and  interruptions  of  the  livestock 
programs  for  the  occasional  easily  recognized  and  bad  droughts. 

Meteorologists  cannot  predict  when  to  expect  bad  droughts ; 
in  fact,  they  cannot  even  agree  on  a  definition  of  a  bad  drought. 
Every  bad  drought  harms  different  parts  of  the  farm  program 
differently.  Attempts  to  make  rain  by  cloud  seeding  as  a  remedy 
for  bad  droughts  have  not  proved  successful  and  they  are  not 
even  attempted  for  little  droughts.  No  moisture  relief  is  in  sight 
for  the  farmer  except  as  he  himself  provides  it. 

Many  believe  that  summers  are  getting  drier  and  hotter  but, 
be  that  as  it  may,  water  is  undoubtedly  getting  scarcer  due  to 
increased  domestic,  irrigation,  and  industrial  use.  Early  irriga- 
tors will  probably  have  preference  as  to  the  legal  rights  to  use 
their  water. 

Fortunately,  supplemental  irrigation  is  not  designed  to  re- 
lieve these  bad  droughts  only,  but  also  and  more  importantly  to 
care  for  the  little  droughts,  those  sneak  thieves  of  agriculture 
which  prevent  maximum  crops  year  after  year. 

Rainfall  Deficiency 

Most  crops  in  the  East  suffer  in  most  years  from  insufficient 
rainfall  at  critical  times  during  their  growth.  Much  of  the  rainfall 
is  not  effective  since  less  than  one-quarter  of  an  inch  may  not 
penetrate  the  ground  sufficiently  and  since  a  considerable  per- 
centage of  the  heavier  rainfall,  of  three-quarters  of  an  inch  or 
more,  may  be  lost  in  percolation  or  run-off  which  does  not  remain 
in  the  root  zone. 
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Table  I  shows  the  daily  rainfall  in  the  central  part  of  the 
United  States  during  the  3-months  summer  periods/''  Rainfall 
of  less  than  0.25  of  an  inch  is  omitted  as  being  generally  in- 
effective. Intervals  of  ten  days  more  without  effective  rainfall 
are  usually  as  long  as  crops  should  go  without  water  unless  the 
soil  is  very  retentive  of  moisture.  These  dry  intervals  are  shown 
by  a  heavy  black  line.  They  are  usually  harmful,  although  not 
often  ruinous.  Since  several  such  periods  occur  nearly  every  sum- 
mer, and  some  may  seriously  reduce  yields,  the  necessity  of  added 
water  is  obvious.  As  explained  later,  this  irregular  rainfall  does 
not  store  enough  water  in  the  soil  for  maximum  plant  growth. 

The  usual  deficiency  and  irregularity  in  summer  rainfall 
cause  reduced  quality  and  quantity  of  crop  yield  year  after  year, 
make  impossible  the  cultivation  of  certain  crops  which  especially 
need  adequate  water  at  certain  periods  of  their  growth,  and 
prevent  securing  the  better  prices  of  early,  late,  or  drought 
markets.  Furthermore,  since  it  is  thought  that  many  fertilizers 
tend  to  burn  out  a  crop  which  is  inadequately  watered,  farmers 
who  must  depend  on  rainfall  alone  hesitate  to  use  fertilizer  in- 
tensively enough  for  maximum  yields. 

The  rainfall  records  for  any  particular  location  may  be 
checked  as  far  back  as  they  are  available  to  note  the  recurrence 
of  dry  years.  The  local  weather  forecaster  can  supply  the  in- 
formation and  interpret  it  for  those  contemplating  irrigation.  As 
an  example  of  droughts  in  one  region,  one-fourth  of  the  84  years 
in  Missouri  from  1870  through  1953  have  been  dry  and,  un- 
fortunately, these  dry  years  have  often  been  close  together, 
causing  a  ruinous  accumulation  of  losses.  As  examples,  in  1934 
followed  by  1936  and  in  1952  followed  by  1953,  there  were 
officially  declared  drought  disasters  over  large  parts  of  the  State. 
Similar  histories  will  be  found  throughout  much  of  the  East. 
On  the  contrary,  Thornthwaite  finds  Iowa  rainfall  distribution 
more  satisfactory. 

The  data  plotting  methods  of  Table  I  and  of  References  32 
and  41  are  both  useful,  the  former  qualitatively  and  the  latter  for 
quantitatively  scheduling  irrigation. 

Recent  Developments 

The  experimental  stage  is  past.  Among  the  proved  de- 
velopments of  recent  years  which  now  make  irrigation  more 


♦From  the  records  of  the  United  States  Weather   Bureau. 
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Table  I. 
DISTRIBUTION  OF  RAINFALL  IN  INCHES  AT  JEFFERSON  CITY,  MISSOURI,  DURING  JUNE, 
JULY,  AND  AUGUST  FROM  1934  TO  1953  INCLUSIVE. 


Rainfalls  less  than  0.25  of  an  Inch  are  omitted  and  periods  of  ten  days  or  longer  without  effective  rainfall 
are  shown  by  heavy  dark  lines.    Irrigation  would  be  needed  during  these  dry  periods  at  a  "rule  of  thumb' 
rate  of  1 "  per  week,  or  a  little  more,  and  occasionally  at  other  times. 

1934    1935    1936    1937    1938    1939    1940    1941    1942    1943    1944    1945    1946    1947    1948    1949    1950      1951    1952  X9», 


0.30 
0.50 
0.60 


0.40 
0.62 
0.42 


0.25 
0.60 


0.41 

0.37 
1.14 
0.63 
0.54 
0.46 


1.20 
0.28 


0.42 

T 


1.05 
0.40 


0.90 
0.65 
0.68 


0.74 
0.81 


1.73 
0.26 
0.66 

0.57 

0.91 


1.96 
1.22 


0.84 
3.30 


0.43 
0.80 


0.30 
0.67 


1.10 
.40 
1.37 


0.40 
0.64 


1.20 
1.33 


0.45 
1. 10 
0.51 


0.46 
0.25 


3.00 
0.43 
0.46. 


1.75 
2.83 
4.77 


1.92 
1.34 


1.21 
0.51 
0.26 
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attractive   in   the  eastern   half  of   the   United   States   may   be 
mentioned  the  following: 

1.  Greatly  improved  pumps  and  power,  including  portable 
pumping  plants  and  rural  electrification.  The  rural  electrification 
rate  for  irrigation  pumping  is  about  2  cents  per  kilowatt-hour, 
but  few  of  the  power  lines  can  carry  a  heavy  pumping  load.  This 
lack  of  capacity  is  being  remedied.  A  representative  of  the  power 
supplier  should  approve  any  plan  for  more  than  a  5-horsepower 
motor  and  should  check  wiring,  transformer,  and  switches. 

2.  Greatly  improved  portable  pipe  systems  for  carrying- 
water  from  the  pump  to  the  land.  A  single  pumping  plant  with 
such  a  pipe  system  often  can  be  moved  to  various  locations,  thus 
minimizing  the  investment  cost. 

3.  Greatly  improved  portable  overhead  spraying  and  rotary 
sprinkling  systems. 

4.  Greatly  improved  Thornthwaite  methods  of  knowing 
when  and  how  much  to  irrigate  to  secure  maximum  crops,  and 
how  to  schedule  planting  for  a  pre-determined  harvesting  date. 

5.  The  construction  of  large,  inexpensive  farm  ponds  that 
have  been  and  are  now  being  built  with  governmental  aid 
throughout  the  eastern  part  of  the  United  States. 

6.  Constantly  improving  rainfall  predictions  from  the 
Weather  Bureau.  These  materially  aid  one  to  decide  whether,  and 
when,  to  irrigate.  Without  them  irrigation  may  be  ruinously 
delayed  because  of  hope  for  rain  that  does  not  come  or  may  be 
used  harmfully  before  a  heavy  rain. 

7.  Realization  that  supplemental  irrigation  is  growing  in 
popularity,  is  practical,  and  is  much  cheaper  than  irrigation  in 
arid  regions.  No  small  part  of  this  realization  is  due  to  the 
promotional  efforts  of  manufacturers  of  irrigation  equipment. 

8.  The  increasing  interest  and  experimentation  throughout 
the  country  as  indicated  in  such  publications  as  those  listed  in 
the  References  of  Appendix  G  at  the  end  of  this  book.  It  is  now 
realized  that  losses  due  to  interruption  of  the  farm  and  livestock 
program  may  equal  to  losses  due  to  diminished  crops.  Teachers 
of  agriculture  can  now  spread  the  ideas. 

9.  Better  markets  for  early  and  late  crops.  Often  drainage 
is  improved  where  surface  irrigation  is  used.  This  will  permit 
earlier  spring  planting;  will  give  earlier  maturities;  and  will 
facilitate  farming  operations. 
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10.  When  acreage  restrictions  and  allotments  are  imposed, 
larger  yields  may  be  raised  per  acre. 

11.  Heavier  fertilization. 

Requirements  for  Success 

As  a  better  agriculture  develops  with  a  correspondingly  ex- 
pensive culture,  lack  of  moisture  at  the  right  time  becomes  the 
limiting  factor  in  producing  maximum  crops.  With  modern  high 
production  costs,  the  farmer  must  raise  maximum  crops. 

While  supplemental  irrigation  eventually  will  become  wide- 
spread, early  operators  may  profit  most,  since  they  will  have 
better  and  more  varied  crops  and  more  valuable  land  than  their 
non-irrigating  competitors.  Also,  they  will  have  priority  of  water 
rights  as  mentioned  in  the  next  chapter.  Often  they  will  raise 
valuable  seed  and  root  stock  crops  to  sell  to  drought-stricken 
neighbors. 

A  war  economy  with  material  shortages  may  delay  installa- 
tion of  irrigation.  This  has  been  a  handicap  in  recent  years.  The 
manufacture  and  installation  of  equipment  for  irrigation 
projects  are  among  the  better  ways  to  stabilize  industry  and  to 
provide  self-liquidating  investments  for  many  farmers.  Many 
sprinkling  systems  are  sold  on  a  one-third  down  payment. 

It  is  essential  that  each  individual  installation  for  supple- 
mental irrigation  be  recognized  as  a  separate  problem  that  must 
be  studied  in  all  its  aspects  and  developed  in  accordance  with 
the  best  modern  practices  if  maximum  success  is  to  be  attained. 
Also,  community  effort  must  be  organized  for  irrigation.  Half- 
way measures  or  procedures  will  not  result  satisfactorily. 

To  assist  in  such  studies,  development,  and  organization,  the 
following  description  of  supplemental  irrigation  will  give  an  idea 
of  the  methods  generally  applicable  in  the  East,  but  it  does  not 
cover  all  the  necessary  details  and  precautions  for  actual  irriga- 
tion or  the  details  of  crop  culture.  Teachers  of  agriculture  must 
furnish  the  educational  background.  Additional  information  may 
be  secured  from  the  references,  from  irrigation  advisers  of 
agricultural  colleges  or  the  Soil  Conservation  Service,  from  the 
experiences  of  others  in  the  East  and  West,  and  from  personal 
observations. 


CHAPTER  II 

FAVORABLE  CONDITIONS  NECESSARY 

In  order  that  irrigation  may  be  profitable,  it  should  be 
limited  to  suitable  soils,  to  favorable  topography,  and  to  land 
where  deep  drainage  will  be  unnecessary  later.  There  must  be  an 
adequate  and  economical  source  of  water  supply  and,  of  course, 
a  satisfactory  market.  Maximum  crops  are  obtained  with  a  com- 
bination of  irrigation,  fertilizers,  and  a  variety  and  spacing  of 
plants  adapted  to  irrigation. 

Soils 

It  must  be  emphasized  that  good  soil  is  essential.  The  United 
States  Bureau  of  Reclamation  recognizes  six  classifications  rang- 
ing from  those  lands  wholly  suitable  for  irrigation  development 
to  those  lands  having  a  production  so  low  that  they  are  con- 
sidered permanently  nonarable.  Borderline  cases  between  these 
extremes  should  be  passed  on  by  soil  experts. 

An  ideal  soil  for  irrigation  is  a  medium-textured,  highly 
fertile  soil  with  a  subsoil  which  is  only  slightly  finer-textured 
than  the  surface.  The  most  desirable  surface  textures  for  irriga- 
tion include  sandy  loam,  fine  sandy  loam,  silt  loam,  and  loam. 
Slightly  less  desirable  surface  textures  are  clay  loam,  silty  clay 
loam,  and  loamy  sands.  The  highly  organic  muck  and  peat  soils 
can  be  successfully  irrigated.  Extremely  sandy  soils  and  heavy 
clay  soils  often  are  not  well  adapted  to  irrigation. 

Rice  is  not  damaged  by  an  excess  of  water,  and  the  level 
clay  soil  areas  along  the  larger  southern  streams  are  the  most 
successful  rice-producing  areas. 

Large  areas  of  land,  especially  on  topography  which  is 
favorable  for  irrigation,  are  often  underlaid  by  a  dense,  im- 
pervious, claypan  subsoil  which  restricts  drainage.  However, 
under  light  and  controlled  applications  of  water,  and  with  careful 
attention  to  drainage,  much  of  this  land  may  be  irrigated  success- 
fully. 

Bodies  of  irrigated  land  vary  in  size  from  a  few  acres  up  to 
hundreds  of  thousands  of  acres.  An  example  of  the  location  of  the 
larger  irrigable  areas  for  one  state  is  shown  in  Fig.  1.  Similar 
situations  exist  throughout  the  East. 
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^'2i?s;  Bottomland  along  the  Missouri  and  Mississippi  rivers  that  probably 
includes  the  most  desirable  irrigable  land,  because  of  favorable  water,  soil, 
and  topographic  conditions.  Bottomland  along  the  many  smaller  streams, 
particularly  in  the  northwestern  part  of  the  state,  may  be  equally  favorable, 
and  its  distribution  can  be  determined  by  consulting  large  scale  soil  maps. 

The  upland  soils  of  northwestern  Missouri  are  generally  of  high 
fertility  and  good  structure,  and  irrigation  will  be  feasible.  Most  of  the  land 
is  rolling  and  near  the  larger  streams  it  is  hilly,  often  necessitating  sprink- 
ing. 

'^m^.  TTie  southwestern  prairie  section  of  Missouri  includes  extensive  areas 
of  brown  limestone  soils  and  is  well  suited  for  the  irrigation  of  orchards, 
small  fruit,  and  pastures.  Higher  winds  and  lower  humidity,  especially  in 
late  summer,  add  to  the  need  for  supplemental  irrigation.  Ground  water  in 
this  area  is  limited  and  generally  surface  water  supplies  will  be  used. 

Fig.  1.  General  location  of  the  more  extensive  bodies  of  irrigable  soils  in 
Missouri.  For  one  reason  or  another  parts  of  these  large  blocks  of  land 
may  not  be  suitable  for  irrigation.  Many  other  suitable,  but  smaller 
areas  occur  in  every  part  of  the  State.    (Courtesy,  H.  H.  Krusskopf.) 
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If  any  doubt  exists  as  to  the  suitability  of  the  soil  for  irriga- 
tion, a  soils  adviser  should  be  consulted,  bearing  in  mind  that 
under  irrigation  the  more  profitable  crop  may  be  entirely  dif- 
ferent from  that  grown  under  rainfall  only.  For  example,  irriga- 
tion projects  constructed  on  dry-farmed  wheat  lands  and 
designed  for  dairying  and  citrus  fruits  have  later  changed  to 
rice  and  cotton  as  more  profitable. 

Topography 

For  the  simpler  types  of  surface  irrigation,  there  should 
preferably  be  a  slight  and  uniform  ground  slope  of  from  2  to  8 
inches  or  a  little  more  per  100  feet.  Flatter  and  much  steepei' 
slopes  can  be  irrigated  by  the  Special  Methods  described  on  page 
69.  Sprinkler  irrigation  can  be  used  on  almost  all  types  of  topog- 
raphy. 

Saline  Soils  and  Drainage 

Where  large  bodies  of  adjoining  lands  are  irrigated  in  the 
arid  West,  there  frequently  develops  a  water-logged  or  alkali 
condition  that  requires  artificial  drainage  and  other  expensive 
relief  measures.  Circular  707  of  the  U.  S.  Department  of  Agricul- 
ture, Saline  Soils,  September,  1944,  states:  "On  much  of  the 
20,000,000  acres  of  farm  land  now  irrigated  in  19  western  states 
the  crop  yields  are  reduced  10  to  20  per  cent  by  salinity,  or  an 
excess  of  soluble  salts  in  the  soils,  commonly  called  alkali. 
Salinity  causes  not  only  a  reduction  of  crop  yields  but  also,  if 
severe,  an  outright  abandonment  of  irrigated  lands." 

These  conditions  should  not  be  encountered  in  the  humid 
East  where  irrigation  will  be  light ;  irrigated  areas  will  be  rela- 
tively small ;  heavy  rainfall  and  light  evaporation  will  prevent  the 
accumulation  of  salts ;  and  ground  water  levels  are  not  rising. 

It  is  generally  better  not  to  irrigate  land  if  it  is  anticipated 
that  the  water  table  will  rise  sufficiently  to  necessitate  expensive 
drainage. 

Water  Supply 

In  many  seasons  a  supply  of  water  sufficient  to  cover  the 
irrigated  area  to  a  depth  of  several  inches  during  the  summer 
will  be  adequate  although  for  some  regions,  some  crops,  and  some 
dry  periods,  double  this  amount  will  be  needed.  If  pumping  is 
necessary,  the  lift  from  the  source  to  the  surface  of  the  land, 
including  friction  losses,  should  usually  be  less  than  75  or  100 
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feet  but  may  greatly  exceed  this  with  cheap  power,  for  large 
projects  where  irrigating  costs  per  acre  will  be  low,  for  valuable 
crops,  for  crops  requiring  little  water,  or  for  other  special  con- 
ditions. Pumping  will  usually  be  planned  for  daylight  only,  per- 
haps 14  hours  daily,  but  in  unusually  dry  weather  the  pumps  may 
be  run  longer  hours  and  for  more  days. 

In  western  arid  regions  serious  legal  difficulties  regarding 
water  rights  are  encountered,  but  such  difficulties  should  be  less 
serious  in  the  near  future  in  most  of  the  rural  East  where  the 
water  supply  is  more  abundant.  In  some  cases  a  common-sense 
judgment  will  suffice  as  to  whether  the  consumption  of  certain 
waters  for  irrigation  will  be  harmful  to  other  users.  In  most  cases 
an  irrigation  adviser  should  be  consulted  as  to  how  to  protect  the 
water  right.  So  far  as  is  known,  the  legal  question  of  water  rights 
for  irrigation  has  seldom  been  decided  in  the  East,  but  is  of  in- 
creasing importance.  See  Reference  33A. 

East  prospective  irrigator  should  attempt  to  protect  him- 
self so  that  his  use  of  water  will  not  be  taken  away  from  him  in 
the  future.  Most  water  laws  are  increasingly  based  on  prior  use 
and  on  beneficial  use,  both  of  which  tend  to  favor  early  users. 
The  older  riparian  theory  of  surface  water  will  doubtless  con- 
tinue to  be  modified. 

In  several  states  where  extensive  pumping  has  been  under- 
taken for  irrigation  or  industrial  purposes,  the  underlying  water 
table  has  been  lowered  sufficiently  to  cause  considerable  restric- 
tive legislation  regarding  the  use  of  ground  water.  Difficulties  of 
this  nature  may  be  anticipated  in  some  eastern  rural  districts  in 
the  future.  If  and  when  they  do  develop,  the  water  rights  of 
early  users  may  be  given  preference. 

Markets 

Better  and  closer  markets  are  necessary  and,  fortunately, 
more  available  for  the  East  than  for  most  of  the  arid  irrigated 
regions  of  the  West.  Cooperation  must  be  developed  among  all 
those  interested  in  irrigation,  both  in  marketing  and  in  perfect- 
ing irrigation  practices. 


CHAPTER  III 

SOURCES  AND  CONVEYANCE  OF  THE  WATER  SUPPLY 

The  first  step  in  irrigation  is  to  locate  the  water  supply  and 
get  it  to  the  field. 

Gravity  Supplies 

Under  a  gravity  system  the  water  is  taken  at  a  higher 
elevation,  without  pumping,  from  a  pond,  lake,  spring,  or  stream 
and  conveyed  to  the  irrigated  lands  by  gravity  in  canals  or 
flumes,  as  shown  in  Fig.  7,  or  through  pipes  on  the  surface  or 
underground,  all  as  described  in  Appendix  F.  Where  gravity  sup- 
plies are  possible,  they  are  often  the  least  expensive  method  of 
securing  the  water. 

Farm  Ponds 

Large  multiple-purpose  farm  ponds  are  now  being  advocated 
and  built  in  considerable  numbers  throughout  the  East.  Federal 
aid  probably  will  continue  to  be  available.  Since  the  ponds  usually 
occupy  high  ground,  it  will  be  possible  to  irrigate  by  gravity 
small  areas  in  the  valleys  below  the  ponds  and  thus  to  secure 
irrigation  water  at  low  cost  without  pumping.  The  methods  of 
constructing  and  using  these  ponds  are  described  in  References 
9  and  19,  and  in  many  other  publications. 

When  a  pond  is  suitably  located,  it  may  also  be  possible  to 
use  it  as  a  reservoir  into  which  a  small  low-cost  pump  continu- 
ously discharges  sufficient  water  to  permit  the  irrigation  of  a 
much  larger  area  than  could  be  watered  from  the  pond  alone. 
The  advantages  of  this  pondage  over  using  a  small  pump  with- 
out a  reservoir  are  that  rainfall  is  stored  and  used;  that  cheap 
pumping  results  from  running  the  pump  24  hours  per  day,  as 
described  later;  and  that  the  irrigator  may  irrigate  by  daylight 
and  does  not  waste  his  time  in  using  only  the  small  flow  of  water 
discharged  by  the  pump.  Furthermore,  this  pumped  well  often 
will  supply  a  safe  domestic  water,  while  pond  water  for  that 
purpose  requires  filtering  and  chlorinating. 

Such  benefits  from  the  farm  pond  may  justify  its  construc- 
tion or  may  suggest  a  different  size  and  location  for  the  pond. 
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Example  of  a  Small  Farmstead  Pond 

A  small  circular  pond  with  a  bottom  diameter  of  44  feet, 
side  slopes  of  3  to  1,  a  top  diameter  of  116  feet,  and  a  maximum 
depth  of  12  feet  will  hold  one  and  one-half  acre  feet  of  water. 
In  the  Middlewest  such  a  pond  will  fill  from  a  drainage  area  or 
catchment  area  of  about  8  acres  in  a  drought  year,  and  of  course 
will  fill  more  than  once  in  a  year  of  usual  rainfall.  It  will  cost 
about  $225  or  $150  per  acre-foot  stored. 

Since  considerable  evaporation  and  seepage  occur,  possibly 
only  half  of  this  water  will  reach  the  land  to  be  irrigated.  This 
will  irrigate  about  an  acre  in  a  dry  year  and,  of  course,  more  in 
an  ordinary  year.  This  might  be  sufficient  for  some  livestock, 
garden  truck,  and  a  lawn. 

To  irrigate  more  acres  a  pump  could  discharge  about  5  gal- 
lons per  minute  into  the  pond  continuously  through  much  of  the 
summer  and  this  would  irrigate  another  acre  or  two  in  a  dry 
year. 

Since  the  irrigating  water  would  be  drawn  from  the  pond  as 
a  reservoir,  a  stream  sufficiently  large  to  keep  the  irrigator  busy 
could  be  used  in  daylight.  A  pump  could  also  furnish  a  more  than 
adequate  domestic  water  supply  for  the  home,  lawn,  garden,  and 
barn.  If  directly  connected  to  the  pump,  no  filter  will  be  needed 
for  the  domestic  supply  and  perhaps  no  chlorination  will  be 
needed  since  the  well  water  can  be  pumped  directly  from  the  well 
into  the  home  tank. 

Much  larger  ponds,  pumps,  drainage  areas,  and  irrigated 
areas  can  be  used  and  the  quantities  of  the  four  will  vary  nearly 
in  proportion,  except  that  the  cost  per  acre-foot  stored  will  be 
less.  For  example,  that  cost  will  be  about  $50  for  a  pond  holding 
40  acre-feet. 

The  larger  pump  will  not  be  necessary  for  the  domestic 
supply,  in  fact,  the  5-gallon-per-minute  pump  would  be  run  only 
occasionally  for  the  domestic  supply.  Most  of  the  multiple  benefits 
of  the  farm  pond  would  continue  to  be  realized. 
Pumping  from  Open  Water 

Next  in  economy  of  securing  the  water  are  those  supplies 
pumped  from  rivers,  creeks,  or  lakes,  typical  layouts  for  which 
are  shown  in  Figs.  2,  22,  and  26.  Gasoline  engines,  Diesel  engines, 
and  electric  motors  are  available  as  sources  of  power.  Automobile 
or  tractor  engines  have  been  used  but  have  seldom  given  the  best 
results.  While  any  type  of  pump  may  serve,  centrifugal  pumps 
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DIAGRAM  OP  PUMP 
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Fig.  2.  Pumping  from  opsn  water.  More  modern  direct-connected  pumping 
units  are  now  available  as  shown  in  Fig.  26.  (Courtesy,  U.  S.  Farm 
Security  Administration.) 
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The  horizontal  centrifugal  pump  is  well  adapted  to  pumping  from 
streams,  lakes,  or  from  one  canal  to  another.  The  characteristics  of  this  type 
of  pump  are  determined  largely  by  the  design  and  speed  of  the  impeller.  The 
manufacturer  should  have  the  following  information  in  order  to  furnish  a  pump 
which  will  give  the  best  efficiency  under  given  conditions: 


1. 


The  quantity  of  water  desired  in  gallons  per  minute  or  cubic  feet 

per  second. 

The  total  "head"  or  lift  in  feet. 

The  type  of  power  available  and  probable  speed  at  which  the  pump 

will  operate. 


The  total  "lift"  or  "head"  includes  not  only  the  actual  vertical  distance  in  feet 
to  which  water  must  be  lifted  as  A+B  in  the  sketch  but  also  the  friction  head 
in  the  pipe  and  pipe  fittings. 

The  size  of  the  suction  and  discharge  pipe  must  be  adapted  to  the  quantity 
of  water  to  be  pumped.  The  table  below  indicates  the  lost  head  due  to  friction 
per  100  feet  of  length  as  well  as  the  losses  through  pipe  fittings  in  terms  of 
equivalent  lengths  of  pipe. 


PmCTION  L055  Ptfi  100  tLLT  OP 
COMMON  U5LD  PlPt  AND  L0$5 
DUt  TO  PITTING5 


GALLONS 

DlAMtTta 

OF      PIPEr 



PtO. 
MINUIfc 

A-m.    1     5-i>4. 

<i)-IN.      1     6-  IN 

lO-IN.     I 

FaiCIION   MtkD  IN   FttT                                      1 

400 

15.82 

S.^b 

2.11 

0.56 

450 

13.75 

&.&5 

2.74 

0.&4 

0.21 

500 

24.oa 

a.i2 

3.2fo 

O.SI 

0.28 

750 

17.22 

7.00 

1.74 

0.59 

1,000 

1104 

3.0Z 

I.OI 

1,250 

18.20 

4.45 

1.51 

1,500 

6.27 

2.09 

2,000 



10.71 

2.50 

FCICTION  L055t5TIIC 
TLK.M5  0PtOUIVALt^ 

lU  PIPE  FITTING 
JTLtNGTH50F[ 

i  IN 

)lpfc 

:m  vkivt 

3.44 

4.57 

5.72 

8.10 

IO.70 

MEDIUM 
SVttPELCO 

,    5.77 

7.66 

9.&I 

13.60 

n.97 

5TNDU&0V 

9.22 

12.20 

15.50 

21.71 

2a  70 

An  example:    (See  sketch) 

Let  A+B  =  20  feet  actual  head. 
Let  C+E  =  200  feet  actual  length  of  8-inch 
discharge  and  suction  pipe 
D  =  Medium  sweep  elbow  equivalent 

to  13.6  feet  of  8-inch  pipe. 
F  =  Standard  elbow  equivalent  to 
21.7  feet  of  8-inch  pipe. 

Compute  total  head  when  pimip  is  delivering 
1000  gallons  per  minute. 

An  8-inch  pipe  has  3.02  feet  of  friction  head 
for  100  feet  of  length  when  carrying  1000 
gal.  per  minute.  Total  friction  head  in  pipe 
and  elbows  is  (200+13. 6+21.7)  X. 030  or  7.05 
ft.  Total  head  is  7.05  feet  friction  head  +20 
ft.  Actual  head  =  27.05  feet. 

There  is  a  slight  additional  loss  due  to  the 
foot  valve  and  other  factors. 

Friction  loss  table  based  on  common  used 
pipe. 
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Fig.  3.  Pumping  from  open  water  and  open  wells.  More  modern  direct- 
connected  pumping  units  are  now  available  as  shown  in  Fig.  26. 
(Courtesy,  U.  S.  Farm  Security  Administration.) 
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Pumping  from  a  stream  or  pond 

Garden  irrigation  can  be  accomplished  by  pumping  from  ponds  and  streams  if 
the  lift  is  not  too  great.  A  small  horizontal  centrifugal  pump  set  not  higher 
than  10  feet  above  the  water  and  powered  by  a  gasoline  engine  in  the  equipment 
ordinarily  used.  Pumps  of  this  type  may  be  had  in  sizes  which  will  deliver 
from  30  to  1000  gallons  or  more  per  minute. 

Pumping  from  shallow  irrigation  wells 

Along  river  bottoms  where  the  ground  water  level  is  permanently  within  10 
feet  or  less  from  the  surface,  small  irrigation  wells  may  be  successfully  used 
for  the  irrigation  of  farm  gardens.  Casings  for  such  wells  are  ordinarily  made 
from  sheet  metal  slotted  to  permit  water  to  enter.  In  some  instances  old  range 
boilers  with  the  ends  cut  out  are  welded  together  and  slotted  with  a  welding  torch. 
Small  centrifugal  pumps  set  at  the  ground  surface  are  quite  satisfactory. 


Pig.  3  Continued. 
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Fig.  4.    Pumping  from  wells  by  turbine  and  propeller  pumps.    (Courtesy, 
U.  S.  Farm  Security  Administration.) 
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RblNt  TYPt  IRaiGATION  PUMP  WITM 
APi  U&AD  CONNtCTLD  TO  A  POW&Q. 
IT  WITW  A  5MAPT  AND  DOUibLt 
IV&f25AL  JOINT. 


IQDI6ATI0N   PUMP   GtAl^ 
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0[2.PLAT-btLT  DaiVtPULLtY. 


TURbINt   TYPt  inaiGATION    PUMP 
WITW    MEAVY  DUTY  btLT&D  MEAD 
rod  EITMta  PLAT  0fiV-TYP&  b&LT5. 

TURBINE  AND  PROPELLER  TYPE  IRRIGATION  PUMPS 

The  turbine  type  Irrigation  pump  Is  adapted  to  lifting  water  from 
'ells  of  various  diameters  and  through  various  heads  from  a  few  feet 
3  several  hundred  feet.  The  characteristics  of  the  pump  are  determined 
irgely  by  the  design  of  the  bowl  assembly  and  the  speed  of  the  impeller 
haft. 

In  order  to  determine  the  type  of  pump  and  design  of"  bowl  as- 
embly  required  for  the  best  efficiency  under  given  conditions  the  manu- 
icturer  should  have  the  following  information: 

1.  The  discharge  of  the  well  at  various  stages  of  "Draw  Down'. 
This  is  determined  by  a  pump  test  of  the  well. 

2.  The  diameter  of  the  well  casing. 

3.  The  type  of  power  to  be  used  for  driving  the  pump. 

Where  three  phase  electrical  energy  is  available,  the  direct  con- 
ected  motor  drive  may  be  used.  Other  types  of  drives  for  the  turbine 
Limp  are  shown. 

The  propeller  type  pump  is  adapted  to  lifting  large  volumes  of 
ater  through  low  heads.  In  Irrigation  practice  it  is  used  to  deliver 
ater  from  a  stream  or  lake  to  a  canal  at  higher  level  or  from  a  low 
ivel  canal  to  one  at  a  higher  level.  The  same  types  of  drives  as  shown 
)r  the  turbine  are  adapted  to  the  propeller  pump. 


P[iOP£LLtG. 
ID.  LIGATION 


TYPt 
PUMP 
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are  best  in  most  cases.  A  pumping  plant  may  be  located  perma- 
nently or  it  may  be  moved  from  one  location  to  another  as 
circumstances  require.  It  is  seldom  satisfactory  if  bought  second- 
hand because  it  may  not  fit  the  new  requirements. 

Pumping  from  Wells 

Somewhat  more  expensive  water  supplies  are  obtained  with 
deep-well  turbine  or  centrifugal  pumps  using  open  wells,  drilled 
wells,  bored  wells,  or  well  points  driven  into  the  water-bearing 
strata.  Figures  3  and  4  show  typical  set-ups  of  this  kind.  The 
deeper  and  larger  wells  are  often  gravel  packed. 

Selection  of  the  Pump 

Unless  the  presence  of  plentiful  water  has  been  clearly 
demonstrated  in  the  neighborhood,  one  should  write  the  state 
geologist  for  information  as  to  depth,  quality,  and  quantity  of 
water  available.  A  reliable  local  well  driller  should  be  employed 
to  put  down  the  wells.  The  level  of  the  water  is  usually  lowered 
materially  by  pumping  and  this  di^awdoivn  must  be  considered  in 
selecting  the  pump.  Wells  should  always  be  tested  to  determine 
their  elevation  after  drawdown  and  their  potential  capacity  be- 
fore selecting  the  power  plant  and  pump. 

The  pumping  lift  used  in  selecting  the  pump  must  include 
the  drawdown  of  the  well,  the  vertical  lift  from  the  normal  water 
surface,  the  friction  loss  in  all  pipes,  elbows  and  valves,  and  the 
entrance  and  discharge  losses.  Fig.  2  shows  the  method  of  com- 
puting the  total  head  or  lift.  For  sprinkling  systems,  nozzle 
pressures  and  losses  in  distribution  pipes  must  be  added.  It  is 
helpful  if  a  community  can  standardize  its  pumping  equipment 
so  that  stock  parts  and  service  may  be  available  locally. 

The  selection  of  the  pump  and  the  motor  or  engine  to  run  it 
is  a  highly  technical  matter  and  must  be  left  to  a  reliable  pump 
and  irrigation  adviser  in  order  that  a  coordinated  system  of 
motor  or  engine,  pump,  water  conveyance,  water  application, 
and  crop  diversification  may  be  secured.  While  advice,  perhaps 
even  a  guarantee,  is  essential  in  a  sprinkling  layout,  it  is  almost 
as  necessary  for  surface  irrigation,  although  not  so  obviously  so. 

It  is  recommended  that  a  formal  agreement  be  drawn  up 
between  the  purchaser  and  the  irrigation  supply  or  pump  com- 
pany specifically  listing  the  equipment  and  accessories  to  be 
furnished  by  both  parties,  the  guaranteed  performance  of  the 
irrigation  system  or  pump,  the  provision  for  testing  the  perform- 
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ance,  and  the  method  of  payment  to  the  company,  somewhat  after 
the  manner  of  pages  84  to  87. 

Pumps  of  smaller  capacity  that  run  constantly  are  cheaper 
in  first  cost  than  large  pumps  that  run  intermittently.  Further- 
more, the  drawdown  in  wells  will  probably  be  less  for  the  smaller 
pump  and  the  total  lift  of  water  will  be  reduced,  thus  lowering 
pumping  costs.  If  electric  power  is  used,  the  power  rate  may  be 
lower  for  the  more  continuous  operation.  On  the  other  hand, 
smaller  pumps  are  slightly  less  efficient  and  more  irrigating 
labor  is  usually  required. 

The  technical  details  of  pumping  are  discussed  further  in 
Appendix  C,  and  in  many  of  the  References. 

If  sprinkling  is  used,  provision  may  occasionally  be  neces- 
sary for  removing  debris  and  silt  from  the  water  since  otherwise 
the  nozzles  are  easily  plugged  and  both  bearings  and  nozzles  wear 
rapidly  if  silt  enters  the  lines.  A  suitable  screening  and  desilting 
box  is  described  in  Appendix  D  and  also  on  pages  29  and  30  of 
Reference  210  and  in  Reference  214. 

City  Water  Supplies 

Cheapest  in  first  cost  but  more  expensive  in  operating  cost 
are  those  water  supplies  obtained  from  city  water  mains.  The 
high  cost  of  this  water  is  justified  only  for  the  most  expensive 
crops,  as  for  example,  truck  gardens,  fruit  trees,  shrubbery,  or 
lawns.  In  dry  periods  cities  often  restrict  the  use  of  water  for 
irrigation. 

Conveyance  of  Water  From  the  Source 
to  the  Land  to  be  Irrigated 

The  least  expensive  method  of  conveying  the  water  is  by 
permanent  or  temporary  canals  or  ditches  (Figs.  5,  6,  12,  and 
16),  but  there  is  considerable  loss  of  water  from  them;  they 
occupy  a  considerable  amount  of  land;  and  there  is  also  trouble 
from  weeds.  They  are  economically  constructed  by  homemade 
ditchers  such  as  those  shown  in  Figs.  6  and  11,  and  by  manu- 
factured earthmoving  equipment.  Modern  practice  demands 
plowing  in  most  ditches  each  year  to  destroy  insects,  vermin, 
and  weeds. 

Less  wasteful  of  land  and  water  but  more  expensive  "in 
original  cost  are  the  portable  pipes  mentioned  below,  and  metal 
or  wooden  flumes,  the  latter  shown  in  Figs.  7,  42,  43,  and  44. 
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The  most  expensive  method  of  conveyance  is  in  underground 
pipes,  but  it  has  the  advantages  of  minimizing  the  interference 
with  farm  operations  and  minimizing  the  loss  of  water.  These  are 
important  considerations  where  land  is  expensive  and  water  is 
scarce  or  expensive,  such  as  that  secured  from  a  city  main. 

One  of  the  important  developments  of  recent  years  is  the 
use  of  20-,  30-,  and  40-foot  lengths  of  light-weight  portable 
aluminum  pipe  with  special  couplings  which  permit  the  pipe  to 
be  quickly  assembled,  dismantled,  and  moved  to  a  new  location 
on  the  surface  of  the  ground.  This  is  especially  useful  in  portable 
irrigation  plants  where  the  pipe  is  laid  quickly  over  the  ground, 
then  dismantled  and  moved  to  another  tract  of  land  by  one  or 
two  men.  Figure  18  shows  light-weight  pipe  with  rapid  action 
couplings,  several  types  of  which  are  made  by  different  manu- 
facturers. The  couplings  are  flexible  so  that  the  pipe  can  follow 
ground  irregularities.  The  same  pump  and  pipe  can  be  used  on 
different  parts  of  a  farm  or  on  several  different  farms,  thus 
minimizing  the  necessary  investment. 

Canals  and  ditches,  flumes,  and  pipes  will  necessarily  be 
used  to  some  extent  in  different  installations  for  supplemental 
irrigation,  but  it  will  be  optional  throughout  most  of  a  particular 
system  to  select  one  or  the  other  of  these  devices  for  conveying 
water. 

Appendix  F  will  be  helpful  in  considering  the  various 
methods  of  conveying  water.  The  details  are  omitted  here  since 
they  often  are  unnecessary  for  supplemental  irrigation;  since 
they  are  technical ;  and  since  many  readers  will  not  be  interested. 
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Fig.  6.    Irrigation  ditcher.  (Courtesy,  U.  S.  Farm  Security  Administration.) 
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Fig.  7.  Wooden  flume.  It  is  usually  preferable  to  nail  the  side  boards  to 
the  sides  of  the  bottom  board.  (Courtesy,  U.  S.  Farm  Security 
Administration.) 


CHAPTER  IV 

METHODS  OF  APPLYING  WATER  TO  THE  LAND 

In  growing  bigger  and  better  crops,  the  plant  characteristics 
of  greatest  importance  in  irrigation  are  the  depth  of  plant  root- 
ing habits  and  the  soil-water  storage  available  to  the  plants. 

Water-Soil-Plant  Relations 

Water  is  essential  in  the  growth  of  plants  chiefly  as  a  solvent 
and  carrier  of  plant  nutrients.  While  a  small  part  of  the  water 
remains  in  the  plant,  most  of  the  moisture  taken  from  the  soil 
passes  through  the  plant  and  is  transpired  (breathed)  into  the 
air.  The  amount  of  this  transpiration  during  a  growing  season 
depends  on  the  kind  of  crop ;  the  thickness  of  the  stand ;  the  soil 
fertility;  the  temperature,  the  humidity,  and  the  wind;  and  the 
amount  of  water  the  plant  can  get.  The  rate  of  transpiration  is 
almost  nothing  when  water  is  not  available  and  for  young  or 
mature  plants  in  cool,  cloudy,  weather;  but  it  may  reach  a 
maximum  equivalent  to  2  inches  of  water  over  the  land  per  week 
for  rapidly  growing,  leafy  crops  during  the  peak  of  a  drought 
season  when  hot,  dry  winds  prevail  and  when  irrigation  has 
furnished  adequate  water. 

A  drought  resistant  crop  is  one  that  can  slow  up  its  tran- 
spiration and  other  growth  functions  when  water  is  not  available 
and  start  up  again  when  water  can  be  secured,  as  for  example  the 
heavy  water  user,  alfalfa. 

On  the  other  hand  corn  uses  less  water  than  alfalfa  but  can 
be  very  seriously  injured  by  a  comparatively  brief  dry  spell  at 
the  critical  time  of  full  bloom,  or  tasseling. 

Water  Storage  in  Soils 

The  maximum  amount  of  water  storage  available  to  the 
plants  is  that  in  the  upper  one  and  one-half  foot  to  four  feet  of 
soil  through  which  the  particular  plant  or  crop  extends  its  roots. 
Often  when  establishing  new  crops,  only  the  top  few  inches  of 
soil  need  moisture.  Most  crops  depend  mainly  on  their  roots  in 
the  top  few  feet  of  soil  although  vigorous  trees  and  alfalfa  root 
six  feet  or  deeper.  These  root-zone  depths  vary  with  the  types 
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of  soil  and  subsoil,  depths  of  water  table,  the  kinds  of  crops 
grown,  and  the  irrigating  practices.  The  moral  from  these  facts 
is  to  supplement  rainfall  for  most  crops  only  with  enough  irriga- 
tion water  to  fill  the  upper  few  feet  of  the  soil,  since  more  simply 
percolates  below  the  main  root  zone  or  runs  off  the  surface.  The 
crops  will  then  tend  to  root  shallow  and  to  benefit  most  from 
heavy  fertilizer  applications  which  stay  mainly  in  the  upper  soil 
zone. 

On  the  contrary,  deep  root  zones  are  desirable  where  soil 
conditions  and  water  supply  permit  deep  penetration  and  reten- 
tion since  greater  supplies  of  nutrients  can  be  reached;  more 
water  can  be  stored ;  fewer  irrigations  will  be  required ;  and  less 
water  will  be  lost  by  evaporation.  Each  extra  irrigation  costs 
labor  and  money. 

Another  factor  affecting  storage  is  the  nature  of  the  soil. 
Open  gravelly  sands  have  little  water  storage  capacity,  and 
irrigation  or  rainfall  percolates  rapidly  below  the  root  zone.  Clay 
soils  retain  the  greatest  amount  of  moisture  but  the  water 
infiltrates  (penetrates)  the  soil  very  slowly. 

The  infiltration  rate  in  inches  per  hour  varies  from  0.0  for 
tight  clays  and  clayey  silt  loam  to  as  much  as  5.0  for  gravelly 
silt  loam.  These  infiltration  rates  govern  the  maximum  rate  at 
which  an  irrigation  may  be  applied  if  surface  run-off  and  erosion 
are  to  be  avoided.  The  usual  maximums  for  irrigation  on  level 
ground  are  between  14  inch  for  heavy  soils  and  II4  inches  per 
hour  for  light  soils.  They  are  better  observed  on  the  particular 
soil  being  irrigated,  or  under  rainfall,  than  determined  from 
theory  or  experiment.  The  allowable  rates  increase  with  the 
amount  of  cover ;  diminish  as  the  slope  of  the  land  increases ;  and 
vary  with  the  elapsed  time  after  a  rain  or  irrigation. 

Root  systems  tend  to  develop  in  the  areas  where  nutrients 
and  moisture  are  most  readily  available.  Dr.  C.  W.  Thornthwaite 
(Reference  32)  states,  "Plants  tend  to  be  deeply  rooted  in  light 
or  sandy  soils  which  have  low  water  storage  capacities  and 
shallow  rooted  in  heavy  soils  with  high  moisture  storage  capac- 
ities. This  fact  may  explain  in  part  the  phenomenon  that  regard- 
less of  its  texture  the  soil  reservoir  contains  only  about  four 
inches  of  water  on  which  plants  can  draw.  This  is  the  amount  of 
moisture  that  is  available  to  the  vegetation  in  the  intervals  be- 
tween rains." 

The  foregoing  root-zone  and  soil-nature  factors  govern  the 
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water  available  to  the  plant.  If  little  or  none  is  available  the  plant 
wilts,  if  the  maximum  storage  capacity  is  exceeded  the  water  gets 
away.  The  ideal  of  irrigation  is  to  keep  the  storage  safely  be- 
tween these  limits.  The  methods  of  determining  the  water  con- 
tent at  a  particular  time  and  of  deciding  when  to  irrigate  are 
discussed  on  pages  89  to  93. 

Control  of  Water 

Supplemental  irrigation  is  a  scientific  and  somewhat  expen- 
sive method  of  growing  much  larger  crops  and  securing  much 
greater  profits  year  after  year  regardless  of  rainfall  deficiencies 
or  irregularities.  For  economical  and  efficient  use  of  water  to 
this  end,  the  irrigator  must  have  complete  control  at  all  times. 
Uncontrolled  streams  of  water  cause  inefficiency,  waste,  and 
uneven  distribution  that  prevent  complete  success.  They  may, 
rarely,  create  expensive  damage  claims.  Proper  methods  save 
hard  and  expensive  physical  labor  and  assure  uniform  and  satis- 
factory results.  A  proper  control  of  irrigating  water  can  improve 
the  yield  as  much  as  100  percent  over  inefficient  methods.  Make- 
shift devices  and  procedures  may  be  worse  than  useless.  Expert 
advice  is  essential. 

Many  methods  of  applying  water  for  irrigation,  most  of 
which  are  shown  in  Figs.  5  and  onward  throughout  the  book, 
have  been  developed  by  long  experience  and  consequently  will 
give  satisfactory  results.  Departure  from  these  proved  techniques 
should  be  attempted  only  by  experienced  irrigators.  The  simplest 
and  surest  methods  for  conditions  in  most  of  the  East  are  de- 
scribed and  illustrated  in  Chapters  V  and  VI.  They  may  be 
studied  in  more  detail  in  References  1,  7,  10,  18,  20,  21,  28,  53  to 
56  inclusive,  102,  151  to  159  inclusive,  201  to  219  inclusive,  and 
in  Appendixes  D,  E,  and  F.  Extensive  local  experience  may  de- 
velop improvements  or  adaptations. 

Surface  Methods  Versus  Sprinkling 

Water  may  be  applied  to  land  by  surface  methods  or  by 
sprinkling,  either  method  being  satisfactory  if  properly  used. 
Sometimes  one  and  sometimes  the  other  method  will  be  prefer- 
able. Sprinkling  predominates  in  the  East  and  surface  methods 
in  the  West.  Sprinkling  can  be  used  almost  everywhere,  but  sur- 
face methods  require  expert  irrigators  and  suitable  topography 
and  soils. 
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Each  method  has  stout  advocates  who  can  see  only  that 
method  as  desirable,  and  minor  advantages  or  disadvantages  are 
over-emphasized  by  these  advocates.  Actually  each  is  better 
suited  to  certain  conditions  that  should  be  carefully  evaluated  by 
the  farmer  and  his  expert.  One  of  the  more  important  questions 
is  whether  the  farmer  would  prefer  to  invest  cash  for  a  complete 
sprinkler  system  at  the  outset  rather  than  to  use  farm  labor  and 
equipment  over  a  few  years  while  perfecting  his  surface  system. 

Since  the  relative  first  cost  and  the  operating  or  annual  cost 
of  sprinkling  and  surface  methods  (and  whether  they  require 
cash,  or  labor  and  equipment  use)  will  partly  determine  which  is 
used,  these  costs  will  now  be  discussed.  For  a  particular  farm, 
estimates  for  sprinkling  can  be  secured  from  dealers  and  dis- 
tributors, but  estimates  for  ground  methods  should  be  made  by  an 
experienced  adviser. 

Comparative  Costs  of  Surface  Versus 
Sprinkler  Supplemental  Irrigation 

While  each  installation  for  irrigation  differs  from  others  and 
though  prices  and  costs  rise  and  fall,  an  instructive  comparison  of 
the  costs  of  these  two  methods  of  irrigating  is  possible.  For  this 
purpose  a  typical  eighty-acre  tract  is  shown  in  Fig.  8  (from 
Reference  210)  as  it  would  be  irrigated  in  the  East  by  semi- 
portable  sprinkling,  and  the  cost  of  sprinkling  is  compared  with 
that  of  surface  irrigation  on  the  same  tract  of  land.  It  is  assumed 
that  the  topography  and  soil  are  reasonably  adapted  to  surface 
methods  and  that  skilled  surface  irrigators  are  not  available. 

In  this  example,  as  is  often  the  case,  the  total  annual  costs  for 
each  of  the  methods  will  be  about  the  same  ($20  per  acre  for 
average  crops  in  an  average  year,  not  including  the  cost  of  the 
well  or  other  water  source),  and  the  choice  of  the  one  to  use  will 
depend  often  on  the  other  factors  discussed  in  the  following  sev- 
eral paragraphs  and  the  next  two  chapters.  It  must  be  reiterated 
that  each  irrigation  installation  is  different  and  the  cost  compari- 
son may  be  quite  different  on  another  tract  of  land. 

Original  Costs  (Excluding  Well  or  Water  Source) 

In  this  example,  and  usually,  it  will  be  noted  that  sprinkling 
costs  more  to  install  at  the  beginning  than  do  surface  methods. 
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Fig.  8. 


Example    of   an    80-acre    semi-portable    rotary    sprinkler    system. 
(From  Reference  210,  U.  S.  Bureau  of  Reclamation.) 
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Original  Costs  for  Sprinkling  Eighty  Acres 

Well  or  water  source,  cost  not  included $        0 

Underground  mains 4,000 

Laterals 2,500 

Electric  motor,  pump,  and  accessories : 1,500 

$100  per  acre Total     $8,000 

Original  Costs  for  Surface  Irrigation  of  Eighty  Acres 

Well  or  water  source,  cost  not  included $        0 

Leveling  (smoothing  rather  than  heavy  grading) 3,200 

Field  ditches  1,000 

Drainage  ditches 100 

Combination  concrete  checks  and  drops 100 

Turnouts 100 

Concrete  checks 100 

Irrigation  spiles  or  tubes 100 

15"  concrete  pipe  for  roadways 100 

Electric  motor,  pump,  and  accessories 1,200 

$75  per  acre Total     $6,000 

Total  Annual  Costs  (Excluding  Well  or  Water  Source) 

It  will  be  noted  in  the  following  tabulation,  as  is  usually  true, 
that  the  costs  per  year  for  interest,  depreciation,  taxes,  insur- 
ance, and  power  are  higher  for  sprinkling,  while  the  labor  costs 
for  applying  water  and  for  maintenance  are  higher  for  surface 
irrigation  unless  skilled  irrigators  are  available  and  unless 
topography  and  soil  are  well  adapted  to  the  latter.  Interest  is 
charged  at  5%  on  the  unamortised  balance  or  3%  on  the  original 
cost.  There  is  less  depreciation  when  surface  methods  are  used. 
Power  costs  are,  of  course,  higher  for  sprinkling. 

Comparison  of  Total  Annual  Costs  Per  Acre  by  Sprinkler 
and  Surface  Methods 

Surface 
Sprinkling     Irrigation 
Interest,  depreciation,  taxes,  and  insurance 

(cost  of  well  or  water  source  excluded) $10  $  6 

Labor  applying  water , 4  7* 

Power 4  1 

Maintenance   2  6* 

Totals        $20  $20 

General  Cost  Factors 

Most  of  the  original  cost  and  of  the  annual  cost  for  sprink- 
ling requires  a  cash  outlay,  while  most  of  these  costs  for  surface 


•With  unskilled  surface  irrigators. 
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irrigation  consist  of  labor  and  the  use  of  farm  equipment  which 
may  require  relatively  little  cash.  On  the  other  hand,  labor  must 
be  much  more  experienced  and  skilled  in  surface  irrigation  than 
is  necessary  for  sprinkling. 

In  the  East,  pumping  usually  will  be  required  for  both 
methods.  The  pumping  for  sprinkling  will  be  against  higher 
pressures  and  the  power  costs  greater.  However,  the  original  cost 
of  the  well,  pump,  and  accessories  will  not  be  proportionately 
increased.  When  a  pump  must  be  furnished  and  operated  for 
either  surface  or  sprinkler  irrigation,  this  fact  favors  the  latter. 

It  must  be  reiterated  that  the  foregoing  cost  comparisons 
apply  to  a  particular  piece  of  land.  They  may  be  quite  different 
on  another  tract  of  land. 

Relative  Skills  Necessary 

The  application  of  water  by  sprinkling  is  relatively  a  simple 
and  easily  learned  science  while  surface  methods  are  more  of  an 
art  that  may  be  acquired  by  those  with  aptitude  and  long 
experience. 

For  this  reason,  sprinkling  is  more  suitable  for  isolated  in- 
stallations or  new  districts,  where  no  neighbors  or  advisers  are 
available  to  teach  surface  methods  or  where  sprinkling  pre- 
dominates. 

On  the  other  hand,  surface  methods  may  be  suitable  where 
skilled  surface  irrigation  advice  is  available  or  where  a  com- 
munity largely  practices  surface  methods. 


CHAPTER  V 

SURFACE  IRRIGATION 

Where  topography  and  soil  are  favorable,  skilled  irrigators 
are  obtainable,  no  pumping  is  required,  and  labor  and  farm 
equipment  are  more  available  than  cash,  or  where  most  of  these 
conditions  exist,  surface  irrigation  will  probably  be  preferable. 
Often  the  surface  irrigation  layout  can  be  planned  to  aid  drainage 
and  early  spring  plowing.  (Reference  158  and  page  70). 

Topography  and  Leveling 

For  the  simplest  types  of  surface  irrigation,  the  land  should 
preferably  be  smooth,  with  a  gentle  slope  of  between  2  and  8 
inches  or  a  little  more  per  100  feet.  Flatter  and  much  steeper 
slopes  can  be  irrigated  by  the  Special  Methods  described  later  in 
this  chapter. 

Not  always  in  the  East  will  it  pay  to  level  (that  is,  to 
smooth — not  to  make  level)  the  land  as  extensively  as  in  arid 
regions.  Since  fewer  and  lighter  applications  of  water  are  made 
in  the  supplemental  irrigation  of  the  East  than  in  the  complete 
irrigation  of  the  West,  heavy  leveling  is  not  so  essential,  nor 
will  it  save  so  much  labor  and  expense.  In  many  cases  the  leveling 
may  be  perfected  by  the  farmer  over  the  years  rather  than  by  a 
heavy  initial  investment. 

However,  initial  light  leveling  will  always  pay  in  facilitating 
the  distribution  of  the  water  in  the  fields,  and  occasionally  initial 
heavy  leveling  will  be  advisable.  Light  leveling  may  be  accom- 
plished inexpensively  with  the  home-made  buck  scraper  and 
floats  of  Figs.  9  and  10,  or  somewhat  better  with  similar  manufac- 
tured equipment.  The  float  of  Fig.  10,  or  a  longer  and  better  one, 
should  be  operated  over  the  land  every  season.  It  is  especially 
necessary  that  no  low  spots  be  left  in  the  heavier  soils,  where 
water  may  stand  in  pools  and  cook  the  crop. 

Before  the  top  soil  is  scraped  off  the  higher  land  to  be  de- 
posited in  the  lower  places,  in  fact  before  an  irrigation  layout 
involving  leveling  is  adopted,  the  depth  of  soil  should  be  con- 
sidered, so  that  too  much  top  soil  will  not  be  removed.  It  often 
requires  some  years  and  considerable  expense  to  bring  such 
spots  back  into  full  production. 
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Heavy  duty  earthraoving  equipment  is  commonly  used  in 
irrigated  regions  and  will  reduce  costs  on  large  acreages.  The 
use  of  a  two-way  plow,  or  of  special  tillage  machinery  that  simply 
cuts  through  the  soil,  will  avoid  disturbing  the  carefully  leveled 
surface. 

Appendix  E  gives  a  detailed  treatment  of  land  leveling. 
On  all  except  the  most  uniformly  sloping  land  or  under  the 
most  favorable  conditions,  a  topographic  map,  a  soil  classifica- 
tion, and  a  soil  profile  should  be  provided  if  best  results  are  to  be 
attained.  The  general  layout  shown  in  Figs.  5  and  40  will  be 
worked  out  in  detail  on  the  topographic  map  which  will  usually 
have  contours  one  foot  apart.  If  contours  are  not  drawn,  at  least 
spot  elevations  and  arrows  should  be  shown  at  important  points 
on  the  map  sufficient  to  indicate  the  direction  and  amount  of 
ground  slopes.  Maps  of  this  sort  can  be  carried  to  interested 
persons  at  a  distance  and  intelligent  layouts  made  thereon  by 
them.  The  facts  should  be  recorded  on  the  maps  since  verbal 
discussions  may  be  indefinite,  misleading,  or  forgotten. 

Studies  indicate  that  farm  layouts  to  fit  the  topography  are 
usually  cheaper  and  more  satisfactory  than  rectangular  layouts 
unless  the  slopes  are  quite  uniform  and  in  the  direction  of  one 
side  of  the  rectangle.  See  Reference  152. 

The  map  will  help  toward  a  Avise  choice  of  irrigating 
methods,  field  layouts,  proper  sizes  and  grades  of  field  ditches 
and  flumes,  areas  to  be  left  unirrigated,  and  necessary  leveling. 
Generally,  it  will  prevent  difficulties  and  save  money.  Such  maps 
have  been  used  for  more  than  a  generation  on  the  better  managed 
irrigation  projects  and  are  especially  necessarj^  in  a  region  un- 
accustomed to  irrigation.  A  map  will  cost  only  a  couple  of  dollars 
per  acre,  including  expert  advice  as  to  the  irrigation  layout. 
Examples  and  specifications  for  such  maps  are  given  on  pages 
124,  141,  and  142  of  Reference  1 ;  on  pages  12  and  14  of  Reference 
23 ;  and  in  Appendix  E. 

Referring  to  western  irrigation  but  applying  likewise  to  the 
East,  Reference  28  states, 

In  order  that  water  may  be  applied  uniformly  and  easily,  land 
to  be  irrigated  must  be  leveled.  This  leveling  removes  such  humps  and 
hollows  as  would  interfere  with  the  flow  of  water  and  improves  the 
slope.  The  type  and  amount  of  leveling  required  is  dependent  upon 
the  topography,  depth  and  quality  of  soil,  crops  to  be  raised,  method 
of  irrigation  to  be  employed,  and  flow  of  water  available. 

In  some  areas  there  has  been  a  trend  to  reduce  the  fields  to  a 
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The  buck  scraper  is  a  convenient  and  economical  implement  for 
moving  earth  in  land  leveling  operations.  It  is  particularly  useful  in 
filling  low  spots  or  removing  high  ones.  When  drawn  by  a  team  of  horses 
it  may  be  used  while  water  is  being  applied  to  borders.  After  the  space 
between  border  dikes  has  been  leveled  with  the  float,  water  may  be  turned 
in  and  the  leveling  process  finished  as  the  low  and  high  spots  are  revealed. 
The  cutting  float  is  used  in  somewhat  the  same  manner  but  is  drawn  with 
tractor  power  and  is  not  adapted  to  wet  leveling. 

Fig.  9.    Buck  scraper  for  land  leveling.    (Courtesy,   U.   S.   Farm  Security 

Administration. ) 


Surface  Irrigation 


55 


[Yt^  toll 


5]E^p  Umqrs  ,. 


.^'^ 


a-'a"      ^  c-c 


lNr 


:5^k" 


DUCK  5C[>APmrOD.VnTANDDaYLCVnLINQ 


M^  A  Pipt- 


CUJJING     fLOAj 


Fig.  9  Continued 
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Fig.  10.    Float  for  land  leveling.   (Cour 
Administration 
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single  plane  with  little  resultant  improvement  in  the  uniform  applica- 
tion of  irrigation  water.  This  has  added  unnecessary  expense  to  the 
development  costs  of  the  land.  Much  land  in  the  Northwest  has 
sufficient  slope  to  make  it  unnecessary  to  grade  the  entire  field.  In 
such  cases,  smoothing  operations  accompanied  by  some  spot  levelivg 
often  accomplishes  the  needed  condition  for  uniform  irrigations.  Only 
so  much  leveling  should  be  done  as  will  assist  in  the  uniform  applica- 
tion of  irrigation  water.  Except  on  land  with  over-all  slopes  of  much 
less  than  1  foot  per  100  feet,  the  general  natural  slope  will  govern. 
Earth  will  be  moved  to  avoid  level  areas  or  slopes  counter  to  the 
direction  of  flow  of  irrigation  water  and  cross  slope  on  borders. 
Benefits  from  Leveling 

The  benefits  to  be  derived  from  leveling  form  the  basis  of  the 
farmer's  determination  of  the  degree  of  refinement  of  the  leveling 
job  to  be  reached.  These  benefits  include  less  work  in  applying  water, 
greater  yields,  and  saving  of  soil  and  water. 

A  ground  surface  free  of  irregularities  will  permit  an  even 
distribution  of  water  to  the  land  and  crop,  with  a  resultant  saving  in 
water  and  labor,  and  a  uniform  crop  yield.  On  uneven  ground  surfaces 
with  high  and  low  spots  and  with  cross  slopes,  water  will  move 
erratically  across  the  field  and  the  irrigator  must  spend  extra  time 
in  guiding  the  flow.  In  fuiTow  irrigation  under  these  conditions  water 
is  likely  to  break  over  from  one  furrow  to  the  next,  then  to  the  next, 
and  so  on,  causing  destructive  erosion.  Extra  labor  will  be  required 
to  repair  this  damage  in  addition  to  other  harmful  eff'ects  that  may 
result. 

Yields  are  generally  increased,  sometimes  as  much  as  50  to 
100  per  cent,  as  a  result  of  leveling.  This  results  from  avoiding  over- 
irrigated  low  areas  and  under-irrigated  knolls.  A  uniform  distribution 
of  water  will  permit  an  even  growth  of  crops.  Where  fertilizers  are 
applied  to  the  land  with  the  water,  the  leveled  field  will  assure  a  more 
uniform  fertilizer  distribution.  Water  logging  and  alkali  conditions 
are  less  prevalent  on  lands  with  smooth  surfaces. 

Conservation  of  soil  and  water  can  best  be  effected  on  leveled 
land.  Ponding  of  water  in  low  pockets  or  behind  ridges  results  in  the 
use  of  excessive  water,  much  of  which  passes  below  the  root  zone. 
Farming  uneven  ground  frequently  limits  the  farmer  in  his  choice  of 
crops  and  of  irrigation  methods. 

Furrows 

The  furrow,  row,  or  corrugation  method  as  indicated  in 
Figs.  5,  11,  12,  and  13  is  well  adapted  to  many  Eastern  require- 
ments since  it  is  cheap;  requires  little  experience;  will  serve  all 
row  crops ;  and  can  be  used  for  most  other  field  crops,  although 
not  so  satisfactorily.  Less  leveling  of  the  land  is  ordinarily 
necessary.  There  is  some  loss  of  both  land  and  water  in  this 
method.  With  corn  and  other  crops  planted  in  rows,  the  rows  may 
serve  to  form  wide  and  deep  furrows  which  are  effective. 
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The  corrngator  is  a  device  used  to  make  small  furrows  or  cor- 
rugations for  conducting  irrigation  water  over  the  groimd  surface.  Cor- 
rugations are  particularly  adapted  to  watering  grain  or  hay  crops  on 
irregular  fields  or  for  new  fields  which  have  not  been  thoroughly  leveled 
and  floated. 

The  runners  are  commonly  made  of  4 "  x  6  "  material  spaced  30 
inches  apart.    This  spacing  may  vary  however,  depending  on  the  soil 
and  slope  of  the  land. 
Fig.   11.    Corrugator   for  furrowing  and   ditcher.    (Courtesy,   U.    S.   Farm 
Security  Administration.) 
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The  adjustable  crowder  is  essentially  a  one-way  irrigation 
ditcher.  It  is  adapted  to  making  various  width  ditches  by  adjusting  the 
spreader  board  between  the  runner  and  crowder. 

Several  furrows  are  first  plowed  to  loosen  the  dirt.  Then  the 
crowder  with  the  crowder  board  leaning  upward  and  outward  crowds  the 
dirt  to  one  side  to  form  the  ditch  bank.  This  operation  is  then  repeated 
on  the  opposite  side  to  form  the  other  bank. 
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Fig.  11  Continued. 
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Fig.  12.    Furrow  irrigation,  with  lath  boxes.  (Courtesy,  U.  S.  Farm  Security 
Administration. ) 
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IRRIGATION  OF  ROW  CROPS 

Accurate  control  of  flow  of  irrigation  water  to 
row  crops  is  very  important  under  many  conditions.  The 
use  of  check  dams,  take-out  boxes  and  lath  boxes  or  other 
forms  of  spiles  permits  accurate  control  of  head  and 
saves  labor. 

The  placing  of  small  structures  for  irrigation  of 
row  crops  may  be  explained  from  the  accompanying 
sketch  as  follows: 

Water  enters  the  field  through  the  field  lateral 
and  is  shown  running  from  left  to  right  or  away  from  the 
observer.  The  secondary  ditch  or  so  called 'regulation 
bay"  is  made  either  with  a  plow  or  some  form  of  ditcher. 
Small  earth  dams  or  checks  are  placed  in  'regulation 
bays"  as  shown.  The  spacing  depends  upon  the  fall  In 
the  field  lateral. 


1.  The  metal  check  dam  or  canvas  dam  at  'A"  is  set  to  raise 
the  level  of  the  water  in  the  field  lateral.  The  by-pass  gate 
In  the  metal  check  is  opened  to  allow  excess  water  to  pass 
on  down  the  field  lateral. 

2.  The  ditch  bank  is  next  cut  with  a  shovel  and  the  take-out  box 
at  'D"  is  placed  as  shown  and  well  sealed  with  mud  to  pre- 
vent leakage.  The  gate  in  the  take-out  box  is  opened  to  permit 
water  to  enter  the  "regulation  bay'. 

3.  Water  standing  In  the  "regulation  bay"  at  some  given  height  will 
form  a  foam  line  which  permits  the  setting  of  the  lath  boxes  or  spiles 
at  a  given  level.  A  lath  box  is  generally  set  for  each  row  although 
where  a  small  head  Is  desired  one  box  may  serve  two  rows.  Each 
lath  box  should  be  set  as  near  level  as  possible  and  close  to  the 
ground  in  the  rows.  Each  box  must  be  sealed  with  mud.  There  is 
less  danger  of  lath  boxes  l>ecoming  clogged  with  trash  if  the  head 
of  water  in  the  "regulation  bay"  is  carried  above  the  level  of  the  top 
of  the  box. 

4.  One  take-out  box  will  ordinarily  serve  from  12  to  20  lath  boxes. 
The  gate  in  the  take-out  boxisnow  opened  to  allow  the  desired  flow 
through  the  lath  l>oxes.  The  quantity  of  water  flowing  through  the 
lath  box  will  depend  on  the  height  of  water  above  It.  The  gate  in  the 
check  dam  is  then  accurately  set  to  maintain  the  proper  head  in  the 
field  lateral. 

5.  After  one  bay  has  been  set  the  same  process  as  has  been  described 
Is  repeated  in  the  second  bay  as  shown  at  "I"  and  so  on  until  the 
entire  head  In  the  field  lateral  is  used. 
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Siphon  tubes 'made  of  light  metal  or  plastics  are  sometimes  used  to 
distribute  water  from  a  field  lateral  to  furrows  for  irrigation  of  row  crops. 
Some  irrigators  prefer  this  method  since  it  is  not  necessary  to  cut  the  ditch 
bank  to  place  the  tubes  and  the  use  of  a  "Regulation  Bay"  or  secondary  ditch 
is  not  required.  It  has  the  disadvantage  of  being  difficult  to  regulate  and  if 
flow  in  the  lateral  is  interrupted  the  siphon  action  in  all  tubes  must  be  started 
again. 

The  siphon  action  is  started  as  follows: 

1.  The  tube  is  filled  with  water  by  submerging  it  in  the  canal. 

2.  The  hand  is  placed  over  one  end  and  the  tube  set  in  position  as 
shown  in  the  drawings. 

3.  When  the  hand  is  removed  flow  will  start  and  may  be  adjusted 
by  raising  or  lowering  the  discharge  end. 

4.  The  intake  end  of  the  tube  should  be  placed  far  enough  under 
water  to  eliminate  clogging  by  floating  trash. 


Fig.  13.    Furrow  irrigation,  with  syphons.   (Courtesy,  U.  S.  Farm  Security 
Administration.) 
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Ames  Gated  Surface  Pipe.  Controlled  furrow  irrigating  started  this  bean 
crop  in  California. 


Ames   Surface   Pipe,   not  gated,   for   transporting   water   without   loss — no 
ditch  tending.  Corn  in  Nebraska. 

Fig.    14.    Surface    pipe.    (Courtesy,    W.    R.    Ames    Company.) 
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Supply  ditches,  gated  surface  pipes,  or  flumes  (Figs.  12,  13, 
14,  43,  and  44)  are  located  either  along  the  upper  border  of  the 
field,  along  contours,  or  along  the  ridges  to  regulate  the  flow  in 
the  furrows.  In  the  latter  case,  the  water  runs  both  ways  in  the 
furrows  from  the  ridge  ditch. 

The  length  of  the  runs  of  water  should  be  of  the  order  of 
those  shown  in  Table  II. 

TABLE  II 

LENGTHS  OF  RUN  FOR  FURROWS  AND  CORRUGATIONS 
ON  VARIOUS  SLOPES  AND  SOIL  TEXTURES* 


Slope  (per  cent)** 

Length  of  furrows  or  corrugations — soil  texture 

Loamy  Sand 

and  Coarse 

Sandy  Loams 

Sandy 
Loams 

Silt 
Loams 

Clay 
Loams 

0-2 

250-400 
200-300 
150-200 
100-150 

300-660 
200-300 
150-250 
100-200 

660-1320 
300-660 
200-300 
100-200 

880-1320 

2-5 

400-880 

5-8 

250-400 

8-15 

200-300 

With  the  longer  runs  the  upper  portion  is  over-watered,  the  lower 
end  cannot  be  observed  readily,  and  difficulty  is  encountered  on 
flat  slopes  or  porous  soil  in  getting  the  water  to  the  lower  end 
of  the  furrows.  The  amount  of  water  admitted  to  each  furrow 
will  vary  with  the  soil,  the  slope,  and  the  length  of  the  furrow. 
The  holes  in  flumes  and  gated  surface  pipe  are  1  inch  in  diameter 
and  regulated  by  sliding  gates. 

It  is  common  practice  to  double  the  flow  of  water  in  the 
furrow  until  it  quickly  reaches  the  lower  end,  then  to  reduce  to 
the  normal  flow.  An  attempt  is  made  to  use  only  enough  water  to 
keep  the  lower  end  wet,  without  waste.  From  5  to  15  gallons 
per  minute  is  normally  used  and  the  larger  flows  will  erode  usual 
soils  badly  on  slopes  of  24  inches  per  100  feet  or  more.  On  steep 
slopes  as  little  as  1  gallon  per  minute  may  suffice.  Furrows 
generally  should  run  squarely  down  the  slope  which  should  be 
ideally  between  2  and  8  inches  or  a  little  more  per  100  feet,  al- 
though much  steeper  slopes  can  be  used.  If  the  furrows  angle 
across  the  slope  (less  than  30  degrees  away  from  the  direction 
of  slope)  then  the  furrows  must  be  made  deeper  to  prevent  the 
water  from  breaking  across  the  furrows. 

Furrows  following  the  contour  of  the  ground,  but  with  slopes 


*U.  S.  Bureau  of  Reclamation.   Reference  28. 
*'The  slope,  or  grade,  per  cent  is  the  vertical  drop   in  feet  per  100  feet  horizontally. 
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of  about  6  inches  per  100  feet,  have  been  used  successfully  on 
certain  soils,  topography,  and  row  crops  (Reference  160.) 

Corrugations,  Fig.  11,  aid  in  distributing  water  for  pastures 
or  hay  crops  on  uneven  ground  but  interfere  to  some  extent  with 
harvesting  a  crop. 

Border  Checks 

Border  checks,  such  as  those  shown  in  Figs.  5,  15,  and  40 
extend  down  the  natural  slope  not  exceeding  2  or  3  feet  per  100 
feet,  and  preferably  less,  with  low  embankments  to  guide  the 
water.  They  are  preferred  for  alfalfa,  clover,  and  similar  crops. 
The  water  spreads  evenly  over  the  upper  20  or  30  feet  of  these 
checks,  which  must  be  made  entirely  level  in  both  directions, 
and  flows  to  the  lower  end. 

Each  border  check  must  be  made  level  transversely  through- 
out its  length.  More  land  leveling  is  required  than  for  furrow 
irrigation;  there  is  the  same  loss  of  land  and  water;  and  water 
should  percolate  uniformly  throughout  the  length  of  this  run. 
Checks  should  conform  to  Table  III.  A  minimum  flow  of  water 
of  11/2  cubic  feet  per  second  is  desirable,  and  more  is  usually 
preferable. 

In  starting  the  crops  on  soil  that  bakes  or  crusts  and  on 
steep  slopes,  corrugation  may  be  used  and  never  reopened.  Seed 
may  be  drilled  with  the  slope  to  aid  flow  or  across  the  slope  to 
retard  it.  Before  the  crop  is  up,  extreme  care  must  be  taken  to 
avoid  erosion  on  the  steeper  slopes. 

Border  checks  facilitate  crop  rotation,  first  for  pasture, 
then  for  furrows  and  row  crops,  or  vice  versa. 


TABLE  III 

WIDTH  AND  LENGTH  OF  BORDERS  FOR  VARIOUS  SOILS 

AND  SIZES  OF  IRRIGATION  STREAMS* 


Soil  textures 

Irrigation     stream    de- 
livered  to   each   border 
(cubic  feet  per  second) 

Sandy 

Silt  Loam 

Clay 

Width 

Length 

Width 

Length 

Width 

Length 

1  

Feet 

20 
30 
35 
40 
66 

Feet 

200-300 
330-400 
440-550 
550-66C 
660-77C 

Feet 

25 
35 
40 
50 
66 

Feet 

J30-550 
550-770 
550-770 
660-880 
880-1320 

Feet 

30 
40 
50 
60 
66 

Feet 
550  770 

1-2 

660  880 

2-4 

660  1000 

4-6 

6-8 

880-1320 
1320-1500 

*U.  S.  Bureau  of  Reclamation,  Reference  28. 
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Fig.  15.    Border  checks.   (Courtesy,  U.  S.  Farm  Security  Administration.) 
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Contour  Checks  or  Contour  Borders 

These  are  formed  on  flat  slopes  (a  few  tenths  of  a  foot  per 
100  feet)  bj^  level  low  embankments  following  the  contour  of  the 
ground,  but  with  a  slope  of  less  than  0.1  foot  per  100  feet  along 
the  contour.  They  are  leveled  between  borders  and  allow  the 
water  to  stand  in  nearly  level  ponded  areas  and  to  seep  into  the 
ground.  They  are  seldom  used  except  for  rice.  Rice  is  one  of  the 
few  crops  where  ponding  of  water  is  essential.  Water  standing 
on  the  heavier  soils  may  harm  other  crops. 

Level  Rectangular  Checks 

This  type  of  checks,  sometimes  called  basins,  Figs.  5  and  40, 
will  seldom  be  used  because  excessive  leveling  of  the  heavy  soil 
is  required  unless  the  original  land  was  very  flat. 

Wild  Flooding 

Here  the  water  is  distributed  from  ditches  along  contours, 
at  right  angles  to  contours,  along  ridges,  or  along  high  ground. 
Although  inefficient,  it  is  occasionally  used  for  other  than  row 
crops  where  water  is  cheap  and  crop  values  are  low.  Little  level- 
ing is  necessary. 

Because  of  the  lack  of  guide  furrows  or  embankments  for 
the  water  used  in  wild  flooding,  the  supply  ditches  are  spaced 
from  200  feet  apart  on  slopes  of  from  5  to  8  feet  per  100  feet  up 
to  400  feet  or  more  apart  on  heavy  soils  with  slopes  of  1  foot  per 
100  feet  or  less. 

Miscellany 

Contour  ditches,  shown  in  Figs.  5,  16,  and  40,  may  be  com- 
bined with  erosion-control  terraces,  as  mentioned  in  the  third 
section  following  entitled  Disposal  of  Excess  Water. 

It  is  diflficult  to  distribute  the  water  uniformly  from  the 
border  ditches  in  the  lower  right  corner  of  Fig.  5. 

Flooding  cannot  be  used  successfully  on  some  soils  because 
of  the  resulting  puddling  and  crust  formation.  Cultivation  im- 
mediately after  irrigation,  when  this  is  possible,  will  relieve  this 
difficulty. 

It  should  be  kept  in  mind  that  over  the  years  many  different 
types  of  crops  may  be  raised  on  the  same  field.  A  type  of  land 
leveling  which  will  effectively  serve  row  crops,  pasture  crops,  and 
other  crops  is  advisable.  The  most  adaptable  leveling  will  permit 
both  border  checking  and  furrowing  with  the  furrows  running 
in  the  direction  of  the  borders. 
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Fig.  16.    Contour  ditch  irrigation.  (Courtesy,  U.  S.  Farm  Security 
Administration. ) 
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Sub-Irrigation 

This  method  supplies  the  water  laterally  and  upward  from 
ditches  or  drain  tile  below  the  surface  of  the  ground,  and  has 
been  used  only  in  a  few  localities  (References  1,  7,  and  18). 

Special  Methods  for  Steep  and  Flat  Slopes 

It  must  be  expected  that  surface  irrigation  will  be  somewhat 
more  difficult  and  expensive  on  the  steeper  and  flatter  slopes. 

On  slopes  exceeding  8  inches  or  a  little  more  per  100  feet, 
up  to  several  feet  per  100  feet,  very  skillful  irrigation  is  required 
to  prevent  erosion,  especially  before  the  crop  is  up,  and  to  slow 
the  flow  of  water  so  that  it  will  have  time  to  soak  into  the  ground. 
Small  checks  or  areas  and  small  quantities  of  water  are  used  for 
flooding.  Where  furrows  run  down  the  slope,  only  trickles  of 
water  are  used  in  short  furrows.  If  the  deep  furrows  approxi- 
mately follow  the  contour  across  the  slope,  as  in  some  orchard 
irrigation,  the  usual  5  to  15  gallons  per  minute  may  be  used  in 
each  furrow.  Contour  terraces  are  sometimes  used  for  the  dis- 
tribution of  irrigation  water. 

Water  does  not  flow  readily  over  land  sloping  less  than  2 
inches  per  100  feet.  Deeper,  smoother,  and  shorter  furrows  or 
rows ;  contour  checks ;  or  level  rectangular  checks  will  serve  here 
to  apply  the  water. 

Of  course,  porous  hose  and  sprinklers  can  be  used  on  both 
flat  and  steep  slopes. 

Reference  28  and  Appendixes  E  and  F  give  detailed  informa- 
tion for  establishing  surface  systems  but  usually  it  is  better  to 
leave  this  to  experienced  irrigators. 

Costs 

Original  or  installation  costs  for  surface  systems,  including 
pumping  units  and  simple  wells  or  other  simple  water  sources, 
may  run  from  $60  to  $100  per  acre,  occasionallj'^  outside  of  these 
limits.  The  costs  are  low  on  large  acreages  and  high  on  small 
acreages.  Much  of  the  cost  is  for  labor  and  the  use  of  farm  equip- 
ment and  does  not  involve  a  large  cash  outlay. 

Disposal  of  Excess  Irrigation  Water 

Where  surface  systems  are  used,  wastage  of  irrigation  water 
will  cost  money  and  labor,  and  may  cause  poor  drainage,  erosion, 
or  other  damage.  It  is  the  usual,  but  not  the  best,  practice  to 
allow  a  head  of  water  to  run  through  rows  or  borders  and  be 
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wasted  at  the  loAver  end  of  a  field  by  running  it  into  roadside 
ditches  or  elsewhere. 

Care  in  the  handling  of  irrigation  water  can  result  in  a 
saving  of  both  water  and  labor,  and  will  prevent  the  common 
mistake  of  over-irrigating  parts  of  the  crop.  A  set  may  be  made 
at  "A"  in  Fig.  17  and  rows  irrigated  from  lateral  "D"  down  the 
slope  toward  lateral  "E".  The  waste  water  is  collected  above 
lateral  "E"  and  cut  into  it  at  "X".  This  excess  water  is  used  to 


Fig.  17.    Disposal  of  excess  water.  (Courtesy,  U.  S.  Farm  Security 
Administration. ) 

irrigate  additional  rows  at  "B"  and  the  excess  water  used  at 
"C".  The  same  practice  may  be  applied  in  the  case  of  borders  or 
corrugations. 

By  careful  arrangement  of  fields  and  pastures  the  waste 
water  from  one  portion  of  a  farm  may  be  economically  applied 
elsewhere. 

Combining  Soil  Conservation  and  Drainage 
With  Surface  Irrigation 

In  many  cases  of  supplemental  irrigation  in  humid  regions, 
drainage  of  excessive  rainfall  is  a  major  or  minor  problem. 
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Where  these  can  be  combined  on  suitable  topography,  erosion  and 
leaching  of  plant  nutrients  is  minimized  while  farm  operations 
and  early  plowing  are  facilitated. 

For  many  layouts  like  Fig.  17  where  the  land  slopes  from 
1/^  foot  to  several  feet  per  100  feet,  the  field  laterals  or  ditches 
are  often  below  the  ground  level  and  the  rainfall  runoff  may  be 
cut  into  them,  often  just  below  a  droj)  or  check  in  the  lateral. 

Where  the  land  slopes  less  than  1/2  foot  per  100  feet,  usually 
in  river  bottoms  or  flood  plains,  the  methods  described  in  Refer- 
ence 158  may  be  used. 

In  a  third  case  some  ingenious  modification  of  the  foregoing 
two  methods  may  be  possible.  The  additional  cost  per  acre  for 
drainage  is  negligible  for  the  first  case  above,  and  perhaps  $30 
to  $40  per  acre  additional  for  the  second  and  third  cases. 
Occasionally  erosion  control  terraces  also  may  be  used  for 
irrigating. 


CHAPTER  VI 

IRRIGATION  BY  SPRINKLING 

For  those  not  skilled  in  irrigation,  sprinkling  offers  the 
surest  method  of  applying  water ;  it  may  be  used  on  rough  topog- 
raphy without  leveling  and  without  experienced  irrigators;  and 
where  pumping  would  be  required  in  any  event  for  surface 
methods,  it  may  well  be  the  best  method.  Sprinkling  is  widely  and 
increasingly  used  as  is  indicated  in  Appendix  D  and  by  many 
publications,  among  the  more  recent  of  which  are  References  18, 
28,  and  201  to  220  inclusive.  Aluminum  pipe  manufacturers 
shipped  11/4  million  pounds  of  sprinkler  system  pipe  in  1946 ;  an 
estimated  30  million  pounds  in  1953 ;  24  times  as  much. 

The  labor  of  applying  water  by  sprinkling  or  surface 
methods  is  about  the  same  but  the  latter  requires  more  experience 
and  skill  and  such  labor  will  be  more  expensive  in  the  East  until 
skill  is  developed. 

Design 

The  rotary  sprinkler  and  overhead  spray  systems,  as  shown 
in  Figs.  8,  18  to  22  inclusive,  26,  28  and  as  described  in  Appendix 
D  and  References  18,  28,  and  201  to  220  inclusive,  are  used  where 
pressure  is  available,  usually  from  pumps.  They  may  consist,  at 
least  in  part,  of  permanently  placed  pipe,  but  many  of  the  pipes 
are  laid  temporarily  on  or  above  the  surface  and  can  be  moved 
from  place  to  place,  thus  minimizing  the  original  cost. 

Figure  8  shows  a  typical  simple  sprinkling  system  in  which 
the  3-inch  portable  laterals  are  moved  to  successive  outlets  on 
the  permanent  underground  main.  Other  systems  are  shown 
on  Figs.  26  and  28.  Many  alternate  layouts  can  be  used,  and  each 
irrigation  development  requires  its  own  individual  solution. 

Few  irrigators  would  install  sprinklers  on  flatter  topography 
for  corn  or  such  tall  crops  because  of  handling  difficulties,  and 
because  the  rows  are  well  adapted  to  furrow  irrigation.  However, 
sprinklers  can  be  used  and  may  be  better  when  another  crop  is 
grown  later  on  the  same  land. 

Sprinkling  must  be  designed  and  operated  to  meet  specific 
local  conditions  of  labor,  soil,  crops,  topography,  and  wind.  Even 
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Fig.  19a.  Portable  pipe  and  rotary  sprinklers.  (Courtesy,  Skinner 
Irrigation  Company.) 
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Fig.  19b.    Perforated  pipe  and  rotary  sprinklers.    (Courtesy,  Aluminum 
Company  of  America.) 
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Fig.  20.    Sprinkler  irrigation.    (Courtesy,  California  Culvert  Co.) 
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Fig.  21.  Sprinkler  irrigation  for  alfalfa  and  clover.   (Courtesy,  California 

Culvert  Co.) 


the  impact  and  size  of  the  drops  of  water  is  important  in  securing 
infiltration  and  preventing  erosion  and  crusting  of  the  soil.  By 
careful  design  the  infiltration  rate  can  be  established  within  1/20 
of  an  inch  per  hour,  far  closer  than  is  necessary.  However,  the 
choice  of  a  proper  infiltration  rate  is  of  greatest  importance. 
Irrigation  must  be  very  carefully  planned  for  land  with  a  low- 
infiltration  rate. 

The  sprinkling  system  can  be  designed  so  as  to  use  labor 
when  it  is  available  or  can  be  secured,  often  a  difficulty  with 
surface  systems  where  the  irrigator  must  be  highly  skilled  and 
therefore  generally  used  fulltime  on  irrigation. 

The  dealers  in  sprinkler  equipment  are  pleased  to  furnish 
designs  and  estimates,  and  they  should  be  consulted.  Appendix 
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What's  New  in 
IRRIGATION 


PFIR  Irrigation  pump  powered  with  t-cyllnder 
Industrial  Engine  Is  made  by  Hale  Fire  Pump 
Company.  ConshohocUn,  Pa. 


0 


Model  SP6«6FG  high-pressure  self-priming 
centrifugal  pump  is  made  by  Barnes  Manu- 
facturing   Co..    Mansfield.    Ohio. 


»    j  Rainbow    Manufacturing    &    Sales    Co 

j     y  nooga    Tenn    Volume   gun  covers  up  1 

'     %^        one-half   acres   at   one   setting. 


® 


Belt-driven  centrifugal   pump  made   by  Goulds 


Vertical    turbine    pump    with    rated    capacity    of 

°Pu:p;.'rc.,"s";:r  Faii':""N^,  y:";^:;  nv.rbii:    i^o  ^■p.::.:\::r«'!f^r.'  ^'  ^  ^°'*''"'- 

ity  for  varying   conditions. 


.l^.."\ 


ton    Corporation,   Harrison,    N.   J. 


Side  suction  centrifugal  pump  of  The  Demlng 
Company,  Salem  Ohio  is  close-coupled  to 
Wisconsin   air-cooled    engine 


0 


Model  5  WHI  irrigation  pump  with  rated   ca-  Model     B5T-DIX6D     two-stage     pump    of    The 


Mnd.l  2C8S  Irrloation  Dumo  with  rated  capac-  Model  5  WHI  irrigation  pump  with  rated   ca-  Model     aoi-uiAou     iwo->io^,=     >''"'■    r 

Tol  fPfg.';r;s°ma^u,a^tured   by   Mallow  -''p-; -..^-rMulcIJJe^,^  io-^'  ''  ""^  ^-T^'^Z^^.   "^t^^^'"'    "    ^°- 


Fig.  22.    Sprinkler  irrigation.  (Courtesy,  American  Fruit  Grower, 
June,  1953.) 
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EQUIPMENT  ? 


Coupler  No.  CLP-303.  made  by  Ralnway  Irri- 
gation Co.,  Spokane,  Wash.,  can  be  used  for 
'  I  line  or  lateral  line. 


® 


A  Wheel-Mo«e  lateral  Ime  shown  sprinkling  i 
alfalfa,  is  manufactured  by  Farmland  Irrigatio 
Company,  Fresno    Calif. 

(    ^**V     — -i^^ 


III 
®         I  I 


KH 


Model  No  20A  sprinkler  head  with  capacity 
of  I  I  to  94  g  pm.  IS  manufactured  by  Na- 
tional   Rainbird    Sales,    Aiusa     Calif 


% 


^ 


Left— Dolly     assembly     for     Wheel- 
Trac      sprinkler      irrigation      system, 
made   by   Farmland    Irrigation   Com- 
.    pany  of  Fresno,  Calif. 


® 


Steelume  "Press-In"  coupler,  distributed  by 
Western  Irrigation  &  Equipment  Co.,  Eugene, 
Ore.,   assures   positive  fit. 


® 


Standard  Self-locking  Wade  Rain  couple 
made  by  R.  M.  Wade  &  Co.,  Portland  9,  Ore 
is  adaptable  to  all   types  of   pipe 


\a^0gMf>s.., 


O.  K.  Champion  aluminum  irrigation  pipe 
coupling  assembly  is  manufactured  by  Cham- 
pion  Corporation,   Hammond,   Ind. 


x. 

all   coupler  for  portable  irrigation 
lions    Is    made    by    W.    R.    Ames    C 
pany.    San    Francisco    7,    Calif. 


^m 


■■i 


® 


McDowell  coupling  with  automatic  gasket-coil 
pressure-lock  design,  made  by  McDowell  Mfq! 
Co..   Pittsburgh  9.   Pa. 


Pi 


(13)  .-'^^^^^gl 

Rdcebilf   ■  Linklok      coupler,  which   is   manufac-  ^— ^  V^ 

tured  by   Race  and   Race,   Inc.,  Winter  Haven,  r.:-  Cnnlrnl   rr,ur.\^r    ^^..-^r,   J      -iL  -i- 

a        ■  ,■    Li   rii-  i^ontrol   coupler,   equipped   with   positiv 

Fa.,    insures    tiqht    fitting.  |_-|,  :-    _,J_    l.,    u     J-      ki         i      t.     ■         /- 

^  ^  locK,  IS    made   by   Mardie    Manufacturing    Ca 

.   ^  Los  Angeles  58.  Calif. 


'&  ^  *#r^l;!i    ^sSs^^ 


'i 


'^s 


m 

Buckner    two-noiile     dual     action     sprinkler     is  Low-angle  part  circle  sprinkler  is  made  by  The 

manufactured    by   the    Buckner    Manufacturing  Skinner    Irrigation    Company,    Troy,    Ohio     ro'- 

Company.   Inc.,   Fresno  8,  Calif.  fates  from  20°  to  340°.    . 


(14) 


Shur-Rane  self-locking  latch,  made  by  Food 
Machinery  and  Chemical  Corp..  San  Jose, 
Calif,   speeds  up   coupling   of  lines. 


Fig.  22  (Continued). 
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D  and  References  18,  28,  and  201  to  220  inclusive  give  some 
design  data,  but  the  design  should  be  left  to  experienced  irriga- 
tion engineers. 

Advantages  Versus  Disadvantages 

When  carefully  designed  and  installed  it  is  unnecessary  to 
have  irrigation  experience  to  operate  sprinkling,  a  considerable 
advantage  over  surface  irrigation.  Sprinkling  has  been  improved 
recently,  has  been  extended  to  cover  large  areas  and  many  kinds 
of  crops,  and  has  become  increasingly  popular,  especially  in  the 
East  and  for  new  installations.  It  provides  excellent  control  of 
water;  costly  leveling  on  rough  ground  is  unnecessary;  flumes 
and  ditches  are  eliminated ;  both  water  and  land  are  saved ;  ex- 
cellent incorporation  of  water  and  fertilizer  may  be  obtained; 
and  deep  percolation  is  minimized  for  thin  or  porous  soils. 

On  the  other  hand,  the  first  cash  cost  of  sprinkling  is  high ; 
somewhat  larger  pumping  costs  are  required  to  maintain  ade- 
quate pressure;  and  sprinkling  does  not  operate  to  best  advan- 
tage in  windy  climates. 

A  list  of  the  advantages  of  sprinkling  as  claimed  by  prac- 
tical farmiers  and  agricultural  experts  in  the  West  is  quoted 
directly  from  Reference  18  as  follows : 

1.  Requires  less  water  to  accomplish  the  desired  penetration  than 
other  forms  of  iiTigation. 

2.  The  water  enters  the  soil  in  the  same  way  as  natural  rainfall. 

3.  Soil  does  not  form  a  heavy  crust. 

4.  No  leveling  and  grading  expense  necessary.  Portable  sprinkler 
irrigation  operates  effectively  on  sloping  or  rolling  land. 

5.  No  loss  of  fertility  due  to  moving  top  soil  in  grading  and  leveling. 

6.  No  posts  or  pipe  left  in  the  field  after  irrigating  when  portable 
systems  are  used. 

7.  The  absence  of  ditches  and  laterals  makes  possible  the  planting 
of  the  entire  acreage,  facilitates  cultivation,  and  does  away  with 
obnoxious  ditch  weeds. 

8.  This  type  of  irrigation  brings  up  weeds  when  row  crops  are 
small.  Weeding  can  be  accomplished  early  and  weed  trouble 
eliminated. 

9.  Portable  sprinkler  irrigation,  like  natural  rainfall,  washes  dirt 
and  dust  from  leaves  and  stems  and  keeps  pores  open. 

10.  Sprinkling  aids  in  pest  control. 

11.  Portable  sprinkler  irrigation  prevents  alkali  from  coming  to  the 
surface.  Sub-irrigation  brings  it  to  the  surface. 

12.  With  this  system,  plowing  and  planting  can  be  carried  on 
independently  of  weather  conditions.  The  soil  can  be  put  in  condi- 
tion at  any  time  for  working  and  for  the  germination  of  seed. 

13.  Portable  sprinkler  irrigation  is  especially  useful  in  securing  com- 
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plete  germination  to  insure  a  good  stand.  The  soil  at  the  surface 
can  be  kept  in  the  most  desirable  condition  to  allow  the  plants 
to  come  up  and  thrive. 

14.  Fertilizer  solutions  can  be  introduced  into  the  water.  This  is  a 
successful  and  labor  saving  method. 

15.  Water  can  be  applied  at  a  very  slow  rate  thus  protecting  the  soil 
against  surface  erosion.  This  is  very  important  where  crops  are 
planted  on  slopes,  where  in  the  past  the  top  soil  has  washed  away. 

Advantages  and  disadvantages,  mainly  the  former,  also 
were  recently  well  summarized  in  Reference  218. 

Get  Sound  Advice 

While  it  may  seem  that  there  is  nothing  very  complicated 
about  planning  and  installing  a  portable  sprinkler  irrigation 
system,  the  only  safe  procedure  is  to  get  sound  advice  before  pro- 
ceeding to  irrigate  by  this  method.  Teachers  of  agriculture  can 
lay  the  educational  background.  Information  can  be  obtained 
from  irrigation  engineers,  county  agricultural  agents,  soil  con- 
servationists, state  agricultural  colleges,  or  from  among  the  more 
competent  and  reliable  suppliers  of  sprinkler  equipment.  The 
planning  of  an  efficient  portable  sprinkler  system  is  an  engineer- 
ing job  that  can  be  done  best  by  a  competent  engineer  experienced 
in  this  kind  of  work.  Possible  savings  from  a  well  planned  system 
will  more  than  pay  the  costs  of  this  service.  It  would  be  impossible 
to  write  a  book  which  would  cover,  completely,  correct  irrigation 
practice  for  every  section  of  the  country.  Too  much  depends  upon 
local  conditions.  For  this  reason  one  should  get  the  answers  that 
apply  to  the  individual's  particular  requirements  from  those  best 
qualified  to  study  needs  and  offer  sound  advice  for  an  efficient 
system. 

Fortunately,  skilled  sprinkling  advisers  are  usually  available 
throughout  the  East  whereas  experienced  advisers  for  surface 
methods  are  rare. 

Costs 

Recent  installation  costs  for  satisfactory  sprinkler  systems, 
including  pumping  units  and  simple  wells  or  other  simple  water 
sources,  of  from  $100  to  $125  per  acre  are  common  throughout 
the  country  although  lower  and  higher  costs  are  encountered.  The 
costs  per  acre  are  lower  for  larger  acreages  and  higher  foi- 
smaller  acreages.  Agents  for  the  manufacturers  and  distributors 
will  gladly  furnish  information,  designs,  and  bids  on  suitable 
systems  for  a  particular  farm.  It  is  wise  to  have  an  irrigation 
engineer  approve  their  proposals. 
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Sprinkling  in  the  West 

The  following  quotation  from  Reference  28  is  a  discussion 
of  sprinkling  in  the  West  that  is  largely  applicable  in  the  East. 

Good  land-preparation,  water-control  methods  and  structures  will 
enable  efficient  use  of  water  and  labor  on  land  well  suited  to  surface 
methods.  On  less  suitable  land,  sprinkling  may  be  the  best  solution. 
Also,  the  sprinkler  method  of  irrigation  gives  promise  of  making  it 
possible  to  irrigate  land  which  is  otherwise  non-irrigable. 

Before  a  final  decision  is  reached  regarding  the  use  of  sprinkler 
irrigation,  careful  consideration  should  be  given  to  many  important 
factors.  A  few  of  the  most  important  items,  a  consideration  of  which 
will  aid  the  settler  choose  the  method  which  best  meets  his  need,  are 
discussed  herein. 

The  greatest  advantage  of  sprinkler  irrigation  over  surface 
methods  is  its  adaptability  to  use  under  conditions  where  surface 
irrigation  methods  are  inefficient.  Examples  are  land  that  cannot  be 
economically  prepared  for  surface  methods,  excessive  slopss,  irregular 
topography,  erosive  soil,  excessively  permeable  or  impermeable  soil, 
land  with  a  shallow  soil  over  gravel  or  sand,  or  combinations  of  these 
factors.  These  lands  can  be  served  best  by  sprinkler  irrigation,  but 
the  returns  per  acre  must  be  sufficient  to  bear  the  high  installation 
and  operating  costs.  Sprinkler  systems  are  also  advantageous  where 
the  irrigation  stream  is  too  small  for  effective  use  by  surface  methods 
and  where  moving  of  sprinkler  lines  once  or  twice  a  day  fits  into  the 
farm  work  schedule. 

Floating  is  generally  the  only  leveling  operation  required  for 
sprinkler  irrigation.  Consequently,  uneven  soil  fertility  caused  by  the 
removal  of  soil  from  high  areas  during  leveling  operations  is  avoided. 
The  cost  of  preparing  the  land  for  irrigation  is  generally  much  less 
than  for  the  conventional  surface  methods  of  irrigation.  The  reduced 
leveling  operations  and  the  ability  to  apply  water  to  all  areas  of  a 
field  makes  it  possible  to  bring  new  land  into  production  more  rapidly 
with  sprinkler  irrigation.  Under  some  conditions  it  is  easier  to 
establish  stands  of  grass,  small  seeded  legumes,  and  row  crops  such 
as  sugar  beets  and  onions  with  sprinkler  irrigation. 

An  advantage  of  sprinkler  irrigation  is  the  saving  in  water  that 
this  method  makes  possible.  Water  can  be  almost  completely  con- 
trolled so  that  it  can  be  applied  in  the  locations  and  amounts  that  are 
required.  Thus,  losses  due  to  unequal  distribution  are  reduced. 

Against  these  advantages  must  be  weighed  the  fact  that  the 
purchase  of  a  sprinkler  irrigation  system  calls  for  a  large  initial  in- 
vestment. Depreciation  of  this  equipment  constitutes  a  large  item  of 
expense.  The  annual  power  cost  of  operating  the  system  is  also 
relatively  high.  The  labor  requirement  for  moving  pipe  under  present 
conditions  will  generally  exceed  the  labor  requirement  for  surface 
irrigation*  unless  the  latter  is  being  employed  on  porous,  steep,  or 
rough  terrain. 


♦Author's  Note — This  statement  applies   in   the   West   for   skilled   surface   irrigators  ;   not 
in  the  East  where  they  are  seldom  obtainable. 
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Because  of  its  high  cost,  the  sprinkler  method  was  formerly 
limited  to  use  on  high-value  nursery,  fruit,  and  truck  crops  in  the 
arid  sections  and  for  supplemental  irrigation  in  the  more  humid 
areas  of  the  United  States,  where  light  applications  are  desired.  More 
recently,  however  sprinklers  are  being  used  on  practically  all  crops. 
Annual  Cost  Comparison 

It  may  also  be  well  to  acquaint  the  tentative  purchaser  of  a 
sprinkler  irrigation  system  with  a  method  of  comparing  the  two 
methods  of  irrigation  on  an  annual  cost  basis.  A  cost  comparison  may 
be  made  by  analyzing  the  following  costs  and  applying  them  to  the 
areas  being  considered. 


Sprinkler  Method* 

1.  Interest  on  total  investment  on 
sprinkler  equipment. 

2.  Depreciation  on  sprinkler  equip- 
ment: Portable  equipment,  pos- 
sible life  expectancy,  15  years; 
dipped  steel  pipe,  possible  life 
expectancy,  15  years;  dipped 
wrapped  steel  pipe,  possible  life 
expectancy,  30  years. 

3.  Labor  requirements:  The  mov- 
ing of  pipe  on  the  portable 
lateral-type  of  system  usually 
requires  from  %  to  1  hour  per 
acre  per  application;  this  figure 
includes  the  return  of  the  lateral 
to  the  head  of  the  field  after  an 
application  has  been  completed, 
sump  cleaning,  and  valve  regu- 
lation. As  yet,  little  information 
is  available  of  the  labor  require- 
ments of  wheel-move  laterals. 

4.  Power  costs:  Electric  power  at 
a  rate  of  1  cent  per  kilowatt 
hour  will  cost  approximately 
$1.50  per  acre-foot  of  water 
pumped  from  a  farm  turnout. 

5.  Maintenance:  Maintenance  on 
sprinkler  systems  usually 
amounts  to  20  percent  of  the 
labor  cost  used  in  moving  lateral 
pipes.  For  example,  if  the  equiv- 
alent of  $12  per  acre  per  season 
is  required  for  labor  in  moving 
pipe,  an  additional  $2.40  per 
acre  would  be  expended  for  up- 
keep and  repairs. 


Surface  Method* 

Interest  on  investment  in  land 
leveling  and  distribution  system. 
No  depreciation  on  land  level- 
ing. Depreciation  on  distribution 
system:  Wood  structures,  possi- 
ble life  expectancy,  5-10  years; 
pressure  treated  wood,  possible 
life  expectancy,  20-30  years; 
concrete  structures,  possible  life 
expectancy,  30  years. 
Labor  requirements:  Surface  ir- 
rigated farms,  which  permit 
field  layouts  having  runs  of  440 
feet  or  more,  usually  require 
from  %  to  %  hour  per  acre  per 
application.  There  appears  to  be 
justification  when  considered  on 
a  cost  basis  for  sprinkler  irri- 
gation when  labor  requirements 
exceed  1%  hours  per  acre  per 
application. 

Power  costs:  No  power  required 
for  pumping  on  farm  units  re- 
ceiving water  from  Bureau  of 
Reclamation  canals  for  surface 
irrigation. 

Maintenance :  Maintenance  on 
surface  system  consists  of 
floating,  clearing  corrugations, 
ditches,  and  distribution  systems 
repair  and  upkeep.  This  will 
approximate  between  4  and  5 
hours  per  acre  per  season. 


♦Author's  Note — These  costs  apply  to  U.  S.  Bureau  of  Reclamation  Projects  in  the 
West  and  are  not  entirely  applicable  in  the  East.  See  an  eastern  comparison  in  the  preceed- 
ing  chapter. 
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Standards  for  Design,  Installation  and  Performance  of 
Sprinkler  Irrigation  Equipment"^ 

DEFINITIONS 
Design  Area 

The  specific  land  area  which  the  supplier  or  designer  and  the 
purchaser  mutually  understand  will  be  irrigated  by  the  sprinkler 
system. 

Sprinkler  Irrigation  System 

Includes  all  equipment  required  to  apply  water  to  the  design 
area,  from  the  source  of  water  supplying  the  system  to  the  revolving 
sprinklers,  nozzles,  or  perforated  pipe. 

If  water  is  already  available  to  the  design  area,  the  system 
includes  only  the  equipment  required  to  develop  the  necessary  pres- 
sure and  apply  the  water  to  the  area. 

If  both  water  and  pressure  are  available,  as  in  the  case  of  an 
existing  pressure  line,  the  system  includes   only  the   equipment  re- 
quired to  take  water  under  pressure  from  the  supply  line  and  apply 
it  to  the  design  area. 
Sprinkler  Lateral 

A  line  of  portable  pipe  or  tubing  with  sprinklers,  nozzles,  or  per- 
forations along  the  line.  A  lateral  may  be  one  of  several  operated 
from  a  common  main  supply  line,  or  may  be  a  single  unit  supplied 
directly  from  the  water  source. 
Application  Rate 

The  equivalent  rainfall  rate,  expressed  in  inches  of  water  depth 
per  hour,  (acre-inches  per  acre  per  hour).  For  systems  with  rotating 
sprinklers  the  rate  is  computed  on  the  basis  of  the  spacing  of  lateral 
settings,  the  spacing  of  the  sprinklers  along  the  lateral,  and  the 
average  discharge  of  the  sprinklers.  For  perforated  pipe  systems,  the 
application  rate  is  computed  from  lateral  spacings  and  average  flow 
into  the  lateral. 
Infiltration  Rate 

The  rate  at  which  soil  will  take  in  water  during  the  irrigation 
period;  expressed  in  inches  of  water  depth  per  hour  (acre-inches  per 
acre  per  hour). 
Peak  Moisture  Demand 

Peak  moisture  demand  of  any  crop  is  considered  to  be  the  maxi- 
mum that  occurs  during  periods  of  maximum  temperature  and  crop 
growth.  This  peak  demand  for  moisture  on  the  part  of  a  crop  results 
from  transpiration  by  the  plants  and  direct  evaporation  from  the  soil. 

PART  I  —  DESIGN  AND  PERFORMANCE 
1.    Application  Rate 

A  portable  sprinkler  irrigation  system,  when  properly  designed 


•Prepared  jointly  by  the  Sprinkler  Irrigation  Association  and  the  Subcommittee  on 
Sprinkler  Irrigation  of  the  Committee  on  Irrigation,  Soil  and  Water  Division,  American  Soci- 
ety of  Agricultural  Engineerp.  Officially  endorsed  by  the  Sprinkler  Irrigation  Association  at 
its  annual  convention  at  Biloxi,  Mississippi,  in  November  1952.  Published  in  the  Journal  of 
the  American  Society  of  Agricultural  Engineers  and  approved  February  1953  as  an  official 
recommendation  of  the  American  Society  of  Agricultural  Engineers. 
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and  operated,  should  meet  the  following  conditions  with  respect  to 
water  application: 

a.  Apply  water  at  a  rate  which  does  not  cause  runoff  during  the 
normal  operating  period  nor  cause  water  to  stand  on  the  surface 
of  the  soil  after  the  sprinkler  line  is  shut  off. 

b.  Determination  of  the  proper  rate  of  application  shall  be  the  re- 
sponsibility of  the  person  designing  the  system.  Values  for  bare 
ground  infiltration  rates  for  different  types  of  local  soils  may  be 
obtained  from  responsible  agricultural  technicians.  In  the  absence 
of  such  technical  advice,  the  designer  may  estimate  the  proper 
application  rate  on  the  basis  of  past  experience  with  similar  soil 
types. 

c.  Modifications  in  infiltration  rates  because  of  cover  conditions,  such 
as  straw  mulch,  cover  crop,  etc.,  should  be  made  only  at  the  request 
of  the  purchaser,  who  would  then  assume  responsibility  for  main- 
taining such  conditions. 

2.  System  Capacity 

a.  For  regularly  irrigated  areas — 

The  system  shall  have  the  capacity  to  meet  the  peak  moisture 
demands  of  each  and  all  crops  irrigated  within  the  area  for  which 
it  is  designed.  Sufficient  time  must  be  allowed  for  moving  laterals 
and  for  permitting  cultural  practices  on  the  land.  The  capacity 
must  also  allow  for  reasonable  water  losses  during  application 
periods  with  the  system  operating  in  accordance  with  design  condi- 
tions. 

b.  For  supplemental  irrigation  and/or  special  uses — 

The  system  shall  have  the  capacity  to  apply  a  stated  amount 
of  water  to  the  design  area  in  a  specific  net  operating  time  period. 

3.  Depth  of  Water  Application 

In  the  design  of  the  system,  total  depth  of  application  (equivalent 
rainfall)  per  irrigation  shall  be  governed  by  the  capacity  of  the  soil 
for  moisture  storage  and  the  depth  of  the  principal  root  zones  of  the 
crop  irrigated.  Information  on  both  of  these  factors  may  be  obtained 
from  agricultural  technicians  or  may  be  estimated  by  the  designer 
on  the  basis  of  his  past  experience  with  similar  soil  types  and  crops. 

4.  Uniformity  of  Water  Application 

Uniformity  of  water  application  is  affected  by  both  pressure  in 
the  line  and  sprinkler  spacing.  Sprinkler  manufacturers  can  and 
do  provide  recommendations  for  desirable  operating  pressure  and 
spacings  for  different  types  of  sprinklers.  These  recommendations 
must  be  followed. 

To  assure  reasonably  uniform  distribution  the  variation  in  pres- 
sure between  any  two  sprinklers  or  sprinkler  locations  in  the  field  to 
be  served  by  the  system  shall  not  be  more  than  30  per  cent  of  the 
higher  pressure,  regardless  of  whether  the  pi-essure  difference  is  due 
to  friction,  surface  elevation,  or  both.  Exceptions  to  this  rule  must  be 
confined  to  situations  where  conditions  of  excessive  pressure  differ- 
ences occur  for  only  a  very  short  portion  of  the  operation  period. 
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5.    Crop  Damage 

Water  must  be  applied  in  a  manner  which  will  not  cause  direct 
physical  damage  to  plants  or  fruit. 

PART  II  —  DEALER-PURCHASER  RESPONSIBILITIES 
1.    Dealer  Responsibility 

a.  Proper  Design 

When  the  system  is  planned  by  a  dealer,  or  his  representative, 
the  dealer  assumes  full  responsibility  for  the  proper  design  of  the 
system  he  proposes  to  furnish.  Design  requirements  to  fit  the 
system  to  conditions  of  soil,  topography,  water  supply  and  crop 
enterprise  must  be  ascertained  by  the  dealer  either  directly  or  by 
obtaining  such  information  from  recognized  reliable  sources. 

When  design  requirements  are  furnished  in  writing  by  the 
purchaser,  then  the  dealer's  responsibility  is  limited  to  the  design 
of  the  system  to  meet  the  stated  conditions. 

When  plans  and  specifications  are  furnished  in  writing  by  the 
purchaser,  the  dealer's  responsibility  is  limited  to  supplying  equip- 
ment which  will  satisfy  the  requirements  of  the  specifications 
furnished. 

When  the  purchaser  buys  the  system  piecemeal,  he  absolves 
all  dealers  of  responsibility  for  the  performance  of  the  system 
as  a  unit. 

b.  Operating  Instructions 

The  dealer  or  dealers  furnishing  equipment  required  for  a 
complete  sprinkler  system  should  furnish  to  the  purchaser  in  writ- 
ing, such  instruments,  performance  charts  and  layout  drawings  as 
are  required  to  insure  proper  operation,  in  accordance  with  design 
conditions  and  normal  expected  life  for  the  type  of  equipment 
furnished. 

c.  Performance  Warranty 

When  a  dealer  or  associated  group  of  dealers  assumes  respon- 
sibility for  the  design  and  installation  of  a  sprinkler  irrigation 
system,  a  warranty  should  be  furnished,  stating  specially  the 
performance  expected  for  water  application  rate,  capacity,  rate  of 
coverage  for  a  specific  design  area  serving  specific  crops  and  crop 
acreages  as  stated  by  the  purchaser  and  mutually  understood  to  be 
the  basis  of  design. 

Warranty  should  be  based  on  trial  of  the  system  during 
operation  under  the  range  of  operating  conditions  imposed  on  the 
system.  The  warranty  should  not  be  expected  to  cover  any  condi- 
tions encountered  which  were  beyond  reasonable  control  of  the 
dealer  either  in  design  or  installation.  Values  used  for  infiltration 
rate,  peak  use  rate  of  moisture  by  crops,  or  capacity  of  soils  to 
retain  water  for  plants  cannot  be  expected  to  be  accurate  for  every 
local  condition  of  soil.  Evidence  that  the  dealer  has  made  reason- 
able efforts  to  obtain  values  from  reliable  sources  should  be  suffi- 
cient reason  to  absolve  him  from  responsibility  if  such  values  do 
not  represent  local  conditions. 

When  a  dealer  or  dealers  assume  responsibility  for  the  in- 
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stallation  of  a  cystem  in  accordance  with  specifications  supplied 
by  the  purchaser,  a  warranty  should  be  furnished,  stating  the 
performance  expected  as  to  friction  loss  in  the  system,  pump  and 
engine  or  motor  characteristics  and  other  pertinent  data  pertaining 
to  the  specifications. 

d.  Equipment  Warranty 

The  dealer  or  dealers  assuming  responsibility  for  the  installa- 
tion of  the  system  must  furnish  warranties  covering  the  quality 
of  material  and  workmanship  of  each  piece  of  equipment  furnished 
in  accordance  with  the  original  manufacturers'  guarantee,  and  pro- 
vide for  replacement  of  defective  parts  shown  to  have  failed 
because  of  poor  quality  materials  or  poor  workmanship. 

e.  Maintenance  and  Repair  Service 

Dealers  selling  sprinkler  irrigation  systems  in  a  territory 
should  maintain  an  inventory  of  replaceable  parts  and  required 
equipment  repair  service.  The  extent  of  this  available  service 
should  be  such  that  users  in  the  territory  would  be  assured  of 
reasonable  service  which  would  avoid  crop  loss  due  to  shutdown  of 
a  system  for  replacements  or  repairs. 
2.    Purchaser  Responsibility 

a.  Operations  in  Accordance  with  Instructions 

The  purchaser  and  user  of  a  sprinkler  irrigation  system  has 
to  assume  responsibility  for  failure  of  the  system  to  perform 
properly  if,  after  receiving  all  data  furnished  by  the  dealer,  he 
fails  to  operate  the  system  in  accordance  with  all  conditions  as- 
sumed in  the  design  of  the  system.  To  obtain  the  full  life  of  all 
equipment,  the  user  must  observe  the  stated  limits  of  operating 
conditions  set  forth  by  the  manufacturer. 

b.  Care  and  Maintenance  Recommendations 

The  purchaser  must  follow  the  dealer's  recommendations  for 
care  and  maintenance  of  the  equipment.  This  applies  to  periods  of 
use  as  well  a,s  non-use  of  the  equipment. 

Miscellany 

Appendix  D  and  References  18,  28,  and  201  to  220  inclusive, 
give  detailed  information  for  sprinkler  system  design,  but  it  is 
better  to  leave  this  to  experts.  Specifications  to  which  these  ex- 
perts should  conform  are  given  in  the  preceding  section. 

The  Sprinkler  Irrigation  Association,  1028  Connecticut  Ave., 
N.  W.,  Washington  6,  D.  C,  will  supply  the  names  of  manufac- 
turers and  dealers  for  any  particular  territory  and  will  furnish 
other  general  information. 

Porous  Hose 

Porous  or  eyelet  canvas  hose  (References  4,  102,  153,  and 
154)  has  been  used  in  Michigan  for  irrigating  small  areas.  The 
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limited  experience  in  the  East  with  this  method  has  not  been 
satisfactory,  especially  with  high  prices  for  labor  and  cotton 
fabrics.  It  may  be  successful  under  special  conditions.  There  is 
little  waste  of  land  and  water,  important  items  where  they  are 
expensive.  No  leveling  of  the  land  is  necessary,  and  only  limited 
extra  pumping  is  needed  to  maintain  pressure  of  15  to  20  pounds 
per  square  inch  in  the  hose. 


CHAPTER  VII 

WATER  REQUIREMENTS 

In  the  majority  of  cases  of  skillfully  supplementing  rainfall 
in  the  East,  enough  irrigating  water  must  be  applied  in  a  season 
to  the  root  zone  of  the  average  crop  to  cover  the  ground  from  six 
to  twelve  inches,  or  in  other  words,  each  acre  of  land  requires 
from  one-half  to  one  acre-foot  of  irrigation  water  in  the  root 
zone.  A  wet  season  and  a  water  retentive  soil  may  require  less 
water  and  a  very  dry  season  more,  particularly  on  well-drained 
porous  soils  with  crops  that  need  much  water.  In  a  few  regions 
the  requirements  may  be  greater. 

The  usual  irrigation  will  apply  1  to  3  inches  of  water  at  one 
time  to  the  root  zone,  with  2  inches  usually  preferred.  The 
amount  applied  may  vary  from  one-half  to  several  inches  depend- 
ing on  the  frequency  of  irrigation,  the  type  of  soil,  the  nature  of 
the  crop,  the  amount  of  rainfall  to  be  supplemented,  and  the  dry- 
ness and  capacity  of  the  soil  reservoir. 

When  and  How  Much  Irrigation 

There  are  many  variables  governing  the  question  of  when 
and  hoiv  much  irrigation,  and  judgment  must  be  developed 
through  local  experiment  and  experience. 

To  get  the  full  values  and  the  best  yields  from  irrigation, 
the  moisture  content  should  preferably  be  kept  between  well 
(say  25  per  cent)  above  the  wilting  point  (when  crops  begin  to 
wilt)  and  under  (say  75  to  90  per  cent)  of  the  field  capacity  (the 
maximum  water  which  the  soil  will  hold  available  to  crops). 
When  a  crop  wilts,  irreparable  damage  usually  has  occurred.  Only 
in  special  cases  should  more  than  10  or  12  days  elapse  between 
applications  of  water,  either  in  rain  or  by  irrigation. 

On  the  other  hand,  too  much  water,  as  could  occur  with  a 
heavy  rain  following  an  irrigation  that  had  nearly  filled  the  soil 
100  per  cent,  can  leach  the  plant  nutrients  from  the  soil,  keep 
air  out  of  the  soil,  and  cause  erosion.  Eastern  irrigators  will  not 
wish  to  pump  and  use  too  much  water  since  they  pay  individually 
and  directly  for  what  they  use. 

The  best  past  practice  has  been  to  apply  water  according  to 
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the  moisture  content  of  the  soil  before  it  approaches  a  wilting- 
point  as  determined  by  borings  and  samplings  with  a  soil  auger,  a 
soil  tube,  electrical  resistance,  or  by  digging  down  6  inches  to  a 
foot  and  pressing  a  ball  of  earth  in  the  hand.  If  the  ball  is  moist, 
there  is  usually  enough  water  for  crop  growth  at  that  time,  but 
not  necessarily  several  days  later  when  irrigation  reaches  the 
crop.  Skilled  irrigators  believe  that  irrigation  for  maximum  pro- 
duction should  be  started  when  the  soil  moisture  yet  available  is 
about  35  per  cent  of  the  maximum  available  storage  (between 
field  capacity  and  wilting) ,  which  is  often  about  4  inches ;  that  is, 
when  about  2  inches  of  irrigation  will  bring  the  soil  reservoir  to 
between  75  and  90  per  cent  of  capacity. 

Some  irrigators  prefer  to  have  even  more  water  in  the  soil 
reservoir. 

The  starting  time  is  governed  partly  by  local  conditions  and 
partly  by  the  prospect  of  early  effective  rains.  Forecastings  of 
rain  are  becoming  more  reliable.  In  deciding  when  to  start  ir- 
rigating, it  must  be  remembered  that  a  week  or  ten  days  may  be 
required  to  reach  all  of  the  field.  Uniformity  and  depth  of  irriga- 
tion throughout  the  field  must  likewise  be  tested  by  sampling. 

Although  there  are  now  available  many  devices  for  measur- 
ing directly  or  indirectly  the  percentage  of  soil  moisture  content, 
they  may  not  yet  be  practical  for  most  farmers.  This  is  partly 
because  many  farmers  will  not  take  this  precaution  and  partly 
because  of  the  variations  in  small  amounts  of  soil  samples  in 
different  parts  of  a  field.  Since  soils  vary  greatly,  it  is  probable 
that  only  a  poor  approximation  of  over-all  soil  moisture  can  be 
secured  with  a  reasonable  number  of  field  installations.  Inter- 
pretation of  the  results  is  difficult. 

The  Thornthwaite  Method 

Perhaps  the  best  eastern  method  for  determining  when  and 
how  much  to  irrigate  is  that  recently  developed  and  advocated  by 
Thornthwaite  after  practical  use  (References  30,  32,  35,  36,  37 
and  41)  namely,  to  find  the  evapotranspiration  of  the  crop  (the 
depth  of  water  evaporated  and  transpired  or  breathed)  and  to 
apply  enough  irrigation  water  and  rainfall  to  replace  it.  Together 
these  will  supply  the  water  needs  without  depleting  the  moisture 
reserve  in  the  soil,  keep  the  optimum  amount  of  M^ater  in  the  soil, 
and  thus  maintain  the  best  growth  conditions  which  are  other- 
wise impossible.  Using  Thornthwaite's  method,  supplemental  ir- 
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rigation  can  be  scheduled  to  keep  soil  moisture  near  the 
optimum  level  for  any  particular  crop. 

Starting  with  the  soil  reservoir  either  full  or  empty,  the 
depth  in  inches  of  both  rainfall  and  irrigation  are  added,  and 
the  evapotranspiration  is  subtracted,  on  a  record  or  bookkeeping 
sheet  which  at  all  times  shows  the  depth  in  inches  of  water 
stored  in  the  soil  reservoir  and  available  to  crops  at  that  time. 
When  the  record  drops  below  a  pre-determined  level,  say  the  35 
per  cent  previously  mentioned,  irrigation  is  started  unless  rain 
impends. 

Thornthwaite  used  his  potential  evapotranspiration,  that  is, 
what  exists  when  the  plant  has  adequate  water  available,  as  when 
under  supplemental  irrigation. 

The  procedure,  described  in  the  above  references  and  made 
quite  accurately  from  rainfall  observations  and  a  new  inexpen- 
sive evapotranspirometer  (which  measures  evaporation  and 
transpiration) ,  is  the  basis  for  scheduling  irrigation  at  Seabrook 
Farms,  the  largest  integrated  truck  farms  in  the  East.  It  is 
probably  the  least  known  but  the  best  theoretically  and  prac- 
tically of  all  irrigation  scheduling  procedures.  It  wastes  no  water, 
requiring  from  4  to  16  (average  9)  inches  annually  of  irrigation 
entering  the  ground.  The  best  moisture  conditions  for  maximum 
growth  are  maintained. 

Because  Thornthwaite's  methods  are  revolutionary,  the  fore- 
going references  must  be  studied  to  understand  them,  simple 
though  they  are.  An  inexpensive  rainfall  gauge  and  an  inexpen- 
sive evapotranspirometer  (References  30  and  36)  are  all  the 
equipment  that  is  necessary. 

A  "Rule  of  Thumb"  Procedure 

Ordinarily,  an  experienced  farmer  can  tell  without  difficulty 
when  his  crops  need  water,  but  this  may  be  only  approximate 
or  too  late.  A  good  mle  of  thumb  is  to  apply  water  at  the  rate  of 
one  inch  or  a  little  more  per  week  actually  delivered  to  the  root 
zone,  rainfall  and  irrigation  included,  then  to  change  promptly 
from  this  as  experience,  special  conditions,  and  the  previously 
mentioned  theories  indicate.  For  example,  crops  vary  in  their 
need  for  water  and  some  soils  retain  water  longer  than  others. 
It  may  take  a  week  or  more  to  irrigate  an  entire  field ;  careful 
planning  is  required  lest  the  crop  wilt  before  irrigation  can 
reach  it.  Usually  less  than  the  foregoing  rate  of  applying  water 
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will  be  necessary  in  the  early  life,  or  during  the  maturity,  of  a 
crop.  More  will  be  required  during  the  periods  of  maximum 
growth,  high  temperature,  high  wind,  low  humidity,  and  pro- 
longed dry  weather,  and  for  crops  of  a  leafy  nature. 

Every  effort  must  be  made  to  have  the  right  amount  of 
water  present  at  the  right  time  to  assure  maximum  growth; 
this  has  seldom  been  attained  and  steps  in  this  direction  will 
be  profitable.  These  ideas  are  expressed  in  a  slightly  different 
and  simpler  manner  for  western  farmers,  v/hose  judgments 
are  not  complicated  by  rain,  by  the  U.  S.  Bureau  of  Reclamation 
in  Reference  28  as  follows. 

Time  to  Irrigate 

The  determination  of  the  proper  time  to  irrigate  is  largely  a 
matter  of  judgment  for  most  farmers.  In  areas  where  the  values  of 
crops  produced  are  very  high  and  the  cost  of  irrigation  water  is  also 
high,  it  has  been  found  desirable  to  govern  irrigation  practice  by 
actual  determination  of  the  moisture  content  in  the  soil.  Only  in 
specialized  cases  however,  is  it  economically  worth  while  to  control 
the  irrigation  applications  as  closely  as  this.  Even  where  laboratory 
facilities  are  available  and  the  soil  moisture  can  be  accurately  deter- 
mined, there  is  still  a  considerable  problem  as  to  the  exact  degree  of 
dryness  which  justifies  irrigation.*  Ordinarily,  an  experienced  farmer 
can  tell  without  difficulty  when  his  crops  need  water.  The  difficulty  is 
to  foresee  a  few  days  in  advance,  the  time  that  a  crop  will  need  water 
in  order  that  irrigation  may  be  started  and  the  field  covered  before 
this  need  becomes  serious.  It  is  believed  that,  especially  with  farmers 
new  to  irrigation,  there  is  more  danger  that  irrigation  will  be  post- 
poned too  long  than  that  it  will  be  given  too  soon.  With  normal  soils, 
a  very  good  idea  as  to  the  moisture  condition  can  be  secured  by  dig- 
ging out  a  handful  of  soil  from  a  depth  of  6  inches  or  a  foot.  If  this 
soil  will  form  a  firm  ball  upon  being  pressed  in  the  hand,  it  indicates 
usually  that  sufficient  water  is  available  for  crop  growth.  Heavy  clay 
soils,  however,  will  sometimes  make  a  very  firm  ball  when  they  are 
much  too  dry  for  the  ordinary  crop.  With  experience,  most  farmers 
can  tell  by  the  color  of  the  crop  whether  it  needs  irrigation.  With 
most  crops,  the  leaves  turn  a  dark  bluish  green  at  the  time  the  crop 
begins  to  suffer  for  water 

The  whole  object  of  irrigation  practice  is  to  apply  a  uniform 
quantity  of  water  at  each  irrigation.  It  must  be  made  certain  that  the 
soil  is  moistened  to  a  satisfactory  depth  by  the  irrigation  water.  This 
can  best  be  determined  by  digging  down  alongside  a  furrow  or  corru- 
gation and  noting  whether  the  moisture  has  penetrated  to  the  moist 
soil  below  the  root  zone.  A  moisture  probe  made  from  a  round  steel 
rod  4  feet  long  and  one-half  inch  in  diameter,  having  a  T-handle  and 
a  blunt  end,  is  very  useful  in  determining  the  depth  of  penetration 


♦Author's  Note — The  foregoing  four  sentences  apply  more  to  the  West,  than  to  the  East. 
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of  irrigation  water  in  many  soils.  The  probe  is  pushed  downward 
with  both  hands  in  the  bottom  of  a  furrow  or  corrugation  until  it 
strikes  the  dry,  hard  ground.  In  learning  to  use  the  probe  on  any 
particular  field  or  soil  type,  it  will  be  necessary  to  make  a  few  trials 
by  digging  out  the  soil  with  a  shovel  and  determining  whether  the 
probe  has  actually  reached  dry  ground  or  has  Ijeen  stopped  by  a 
pebble  or  for  some  other  reason.  A  soil  auger  also  may  be  effectively 
used  to  determine  the  depth  of  penetration. 

If  the  farmer  finds  that  he  has  secured  satisfactory  penetration 
of  his  irrigation  water  at  the  higher  spots  in  the  field  or  near  the 
lower  end  of  the  runs  and  has  used  approximately  the  quantity  of 
water  which  he  estimated  was  necessary  to  supply  his  crop  with  a 
small  excess  for  unavoidable  waste,  he  may  be  sure  that  he  has  done 
a  good  job  in  irrigating. 

It  must  be  reiterated  that  a  careful  scheduling  of  the  time  and 
amounts  of  supplemental  irrigation  is  essential  to  the  highest 
yields  and  the  economical  use  of  water. 

The  Irrigating  Head 

The  flow  of  water  used  by  a  farmer  in  irrigating  is  known 
as  the  irrigating  head.  It  is  expressed  in  cubic  feet  per  second, 
or  in  gallons  per  minute,  of  water  at  a  field.  A  flow  of  one  cubic 
foot  of  water  per  second,  or  450  gallons  per  minute,  will  cover 
one  acre  to  a  depth  of  approximately  one  inch  in  one  hour. 

The  best  size  of  irrigating  head  for  a  particular  farmer  will 
be  large  enough  to  keep  a  good  man  occupied  with  irrigating  and 
associated  work,  while  not  requiring  a  too  large  and  expensive 
flow  of  water.  Heads  between  one-half  and  two  cubic  feet  per 
second  will  generally  be  satisfactory  in  the  East.  A  good  irrigator 
can  handle  much  more  water  than  a  poor  irrigator.  The  greater 
the  care  with  which  the  land  is  smoothed  or  leveled  (not  neces- 
sary in  hose,  sprinkling,  or  spray  irrigation),  the  better  the 
devices  for  turning  the  water  onto  the  land,  the  more  porous  the 
soil,  and  the  flatter  the  slopes ;  the  larger  may  be  the  irrigating 
head.  Realizing  that  conditions  vary  greatly,  the  paragraphs  im- 
mediately following  will  be  a  very  rough  guide  in  selecting  an 
appropriate  irrigating  head  for  usual  conditions.  Conveyance 
losses  are  excluded  and  the  flow  of  water  is  assumed  to  be 
available  at  the  field. 

With  furrows,  one  full-time  eastern  (inexperienced)  irriga- 
tor can  ordinarily  handle  about  one  cubic  foot  of  water  per  second 
at  the  field,  and  will  apply  the  equivalent  of  one  inch  in  depth  of 
water  to  one  acre  in  one  hour.  On  many  soils  the  permissible 
infiltration  rate  will  be  much  less  than  one  inch  per  hour,  which 
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means  that  a  lesser  depth  would  be  applied  to  more  acres.  Much 
smaller  irrigating  heads  may  be  used,  but  the  irrigator  then 
needs  other  nearby  work  to  occupy  his  spare  time. 

In  flooding  by  the  use  of  border  checks,  contour  checks,  level 
rectangular  checks,  and  wild  flooding,  from  one  and  one-half  to 
several  cubic  feet  of  water  per  second  may  be  handled  by  one 
full-time  man  under  average  conditions.  It  is  difficult  to  flood 
with  less  than  one  and  one-half  cubic  feet  of  water  per  second 
unless  the  checks  are  made  smaller  or  the  field  ditches  are  spaced 
closer  together  than  usual. 

A  full-time  man  sprinkling  can  handle  about  one  and  one- 
half  cubic  feet  of  water  per  second. 

Where  pumps  are  used  and  it  is  desirable  to  minimize  labor, 
the  pump  capacity  should  be  sufficient  to  furnish  the  quantities 
mentioned  above,  plus  water  conveyance  losses.  Smaller  pump 
capacities  or  irrigating  heads  often  make  necessary  the  expendi- 
ture of  more  time  and  labor  in  applying  the  water. 

With  porous  canvas  hose,  overhead  spray,  or  rotary  sprin- 
kler systems,  irrigating  heads  in  extreme  cases  are  as  little  as 
one-tenth  cubic  foot  per  second  and  are  often  less  than  one  cubic 
foot  per  second. 

The  Economic  Size  of  Project  for 
Two  Full-time  Irrigators 

By  Sprinkling  or  Rows 

Although  each  project  must  be  planned  to  fit  its  special  con- 
ditions, the  following  example  will  illustrate  an  economic  plan  to 
irrigate  60  acres  by  the  furrow,  row,  corrugation,  or  sprinkling 
method.  It  would  require  two  men  irrigating  full  time. 

An  irrigating  head,  at  the  field,  of  one  cubic  foot  per  second 
(450  gallons  per  minute)  will  be  used  (a  little  more  at  the  pump 
or  source  to  allow  for  losses  on  the  way  to  the  field).  This  will 
supply  about  two  and  one-half  inches  of  water  at  the  field  to  40 
acres  in  seven  14-hour  daylight  days  of  actually  flowing  water. 

Because  of  seepage  in  the  field  ditches,  evaporation,  deep 
percolation,  wind,  and  waste,  perhaps  only  one-half  to  three- 
quarters  of  the  water  reaches  the  plants  {field  efficiency  of  50  per 
cent  to  75  per  cent).  With  these  field  efficiencies,  the  gross 
amounts  indicated  would  suffice  for  many  crops  but  not  for  the 
worst  conditions. 

Since  crops  in  the  East  generally  require  only  some  six  to 
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twelve  inches  of  irrigation  water  in  the  root  zone  per  season, 
although  more  in  a  few  regions,  40  acres  will  be  irrigated  over 
some  28  to  56  days  of  14-hour  pumping  scattered  through  the 
summer.  The  pumping  plant  and  irrigating  sj^stem  then  will  be 
idle  for  the  remainder  of  the  season. 

However,  by  diversification  of  the  crops  and  by  using  Thorn- 
thwaite's  planting  schedule  so  that  their  greatest  needs  for  water 
come  at  different  times,  more  acreage,  say  60  acres,  may  be 
irrigated  in  some  42  to  84  days  of  14-hour  pumping.  Even  greater 
depths  of  water  could  be  applied  by  pumping  more  days  or  for 
longer  daily  periods,  and  there  would  still  be  time  for  moving 
and  maintaining  the  equipment  during  the  balance  of  the  summer 
when  rainfall  is  adequate. 

It  thus  becomes  apparent  that,  under  the  conditions  stated 
above,  and  if  an  irrigating  head  of  one  cubic  foot  per  second  at 
the  field  is  suitable  for  the  project  requiring  two  full-time  irriga- 
tors, maximum  economy  of  cost  and  labor  will  result  in  a  diversi- 
fied project  of  some  60  acres.  Long  pumping  hours  will  be  neces- 
sary only  occasionally.  Multiples  of  such  a  layout  may  be  slightly 
more  efficient,  and  smaller  tracts  less  efficient. 

By  Sprinkling:  or  Flooding 
By  a  similar  line  of  reasoning,  for  sprinkling  or  for  flooding 
with  an  irrigating  head  of  two  cubic  feet  per  second,  a  tract  of 
the  order  of  120  acres  will  be  a  desirable  size  of  project.  Two 
full-time  and  very  capable  irrigators  are  required. 

Other  Viewpoints 

Another  way  of  looking  at  this  would  be  to  assume  somewhat 
less  depth  of  water  used  and  somewhat  less  diversification.  Here 
again  one  cubic  foot  per  second  should  irrigate  60  acres  and  two 
cubic  feet  per  second  should  irrigate  120  acres,  always  bearing 
in  mind  that  these  flows  of  water  are  at  the  field  and  do  not 
include  losses  between  the  source  and  the  field. 

To  be  entirely  safe  under  the  worst  conditions,  which  would 
occur  rarely,  an  acreage  less  than  60  or  120  should  be  irrigated, 
especially  for  crops  using  much  water ;  or  the  pumps  then  would 
have  to  be  run  for  more  hours  per  day  or  for  more  days.  Pastures, 
a  few  crops,  and  certain  regions  or  soils  may  require  more  water 
and  the  example  given  above  should  be  modified  accordingly. 
However,  it  is  doubtful  if  additional  expense  would  be  justified 
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for  these  rare  occurrences.  An  irrigation  adviser  should  be  con- 
sulted for  each  project. 

A  more  customary  way  of  computing  the  water  required  to 
irrigate  a  given  acreage  is  shown  toward  the  end  of  Appendix  D. 

Farmers  generally  increase  their  acreages  after  their  initial 
installations  and  it  usually  pays  to  install  somewhat  oversize 
pumps  and  mains.  This  extra  capacity  assures  plenty  of  water 
and  permits  a  variation  in  scheduling  the  irrigating  labor,  often 
very  important. 

Where  only  smaller  acreages  and  flows  of  water  are  avail- 
able, irrigating  heads  of  from  one-tenth  cubic  foot  per  second 
upward  may  be  indicated,  and  under  such  circumstances  hose, 
sprinkling,  and  furrows  are  most  useful.  However,  the  total  cost 
per  acre,  including  labor,  for  irrigating  on  these  smaller  projects 
will  be  greater  than  on  the  larger  projects,  unless  labor  is  avail- 
able for  the  small  projects  at  little  or  no  cost. 


CHAPTER  VIII 

WATER  AND  FERTILIZER  TEAM  UP  FOR  BETTER  YIELDS 

by 
Dr.  Malcolm  H.  McVickar 

Chief  Agronomist 
National  Fertilizer  Association 

Many  factors  control  plant  growth.  However,  two  of  these 
limit  growth  more  often  than  all  the  others  combined.  These  are : 
(1)  a  lack  of  adequate  moisture  and  (2)  a  lack  of  ample  amounts 
of  the  so-called  "plant  foods"  or  "plant  nutrients."  Through  sup- 
plemental irrigation,  farmers  can  deal  satisfactorily  with  the 
moisture  problem.  Likewise,  by  the  addition  of  commercial  ferti- 
lizer they  can  supply  plant  foods  which  otherwise  might  limit  crop 
production.  The  combined  use  of  irrigation  and  fertilizer  opens 
up  a  new  frontier  for  American  agriculture.  Together  they 
present  one  of  the  greatest  advances  in  modern  times  for  growing 
more  and  better  crops  without  expanding  acreage. 

Irrigation  principles  have  been  explained  in  detail  in  the 
other  chapters  in  this  book.  Thus,  this  discussion  will  be  confined 
to  what  fertilizers  are  and  how  they  can  be  applied  through  the 
water  medium  to  increase  crop  production.  First,  however,  the 
student  needs  to  know  what  plants  require  and  how  plants  feed. 
These  are  essentials  for  understanding  how  fertilizers  contribute 
to  greater  plant  growth. 

Essential  Chemical  Elements  for  Plant  Growth 

At  present,  15  chemical  elements  are  known  to  be  required 
by  a  plant  for  normal  growth  and  development.  They  are: 
hydrogen,  oxygen,  carbon,  nitrogen,  phosphorus,  potassium, 
calcium,  magnesium,  sulfur,  manganese,  boron,  copper,  zinc,  iron 
and  molybdenum. 

Plants  have  three  sources  for  obtaining  these  essential 
elements — the  air,  the  soil,  and  water.  The  air  provides,  through 
carbon-dioxide,  a  source  of  both  carbon  and  oxygen.  Water,  com- 
posed of  hydrogen  and  oxygen,  is  a  source  of  these  two  elements. 
Although  the  air  carries  large  amounts  of  nitrogen,  most  plants 
cannot  use  it  in  the  inert  form  in  which  it  is  present.  Legume 
plants,  with  the  help  of  the  so-called  nitrogen  fixing  bacteria,  can 
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utilize  some  atmospheric  nitrogen,  but  most  plants  depend  upon 
the  soil  for  nitrogen,  and  for  eleven  other  essential  plant  food 
nutrients:  phosphorus,  potassium,  calcium,  magnesium,  sulfur, 
manganese,  boron,  copper,  zinc,  iron  and  molybdenum.  If  suf- 
ficient quantities  of  these  plant-food  elements  are  not  given  up 
by  the  soil  they  must  be  added  by  man  or  production  will  be 
limited.  In  fact,  a  deficiency  of  any  one  of  these  elements,  al- 
though all  of  the  others  are  present  in  adequate  amounts,  limits 
production.  Thus,  all  of  the  elements  must  be  present  in  ample 
supply  and  in  available  forms  for  maximum  growth. 

Primary,  Secondary  and  Trace  Element  Plant  Foods 

In  the  fertilizer  industry  nitrogen,  phosphorus  (referred  to 
in  the  trade  as  phosphoric  acid)  and  potassium  (marketed  as 
potash)  are  called  primary  plant-food  nutrients.  Calcium,  sulfur 
and  magnesium  are  referred  to  as  secondary  plant-food  nutrients. 
Boron,  copper,  zinc,  iron  and  molybdenum  are  the  trace  or  minor 
plant-food  nutrients. 

It  is  usually  one  or  more  of  the  primary  plant-food  nutrients 
that  most  often  limits  production.  Deficiencies  of  the  secondary 
plant-food  nutrients  are  more  common  than  deficiencies  of  the 
minor  plant-food  nutrients. 

Although  this  discussion  is  confined  to  the  primary  plant 
foods — nitrogen,  phosphoric  acid  and  potash,  the  principles  are 
applicable  to  all  of  the  plant-food  nutrients. 

How  Plants  Feed 

Plants  can  absorb  large  amounts  of  carbon  dioxide  and  small 
amounts  of  most  other  plant  nutrients  through  their  leaves,  but 
the  normal  avenue  of  entry  is  through  the  tiny  root  hairs.  These 
plant  nutrients  are  taken  up  in  water  solution. 

Water,  in  addition  to  providing  a  source  of  hydrogen  and 
oxygen,  therefore  plays  a  key  role  in  getting  the  nutrients  into 
the  plant.  Once  these  nutrients  are  in  the  plant,  water  continues 
to  be  important,  since  the  nutrients  are  transported  from  one 
part  of  the  plant  to  another  in  a  water  solution.  The  close  associa- 
tion of  water  and  plant-food  nutrient  uptake  is,  therefore,  not 
coincidental.  An  adequate  water  supply  is  necessary  for  efficient 
plant  nutrient  utilization;  an  ample  supply  of  plant  food  is  a 
"must"  for  efficient  water  utilization. 


Water  and  Fertilizer 
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Fig.  23.  Plants  starving  for  plant  food  nutrients  show  definite  "hunger 
signs."  Here  are  the  typical  leaf  symptoms  on  corn.  From  left  to  right: 
normal;  nitrogen  starved;  phosphorus  starved;  potassium  starved; 
calcium  starved;  magnesium  starved;  iron  starved;  and  normal. 
(Courtesy  Ohio  Agricultural  Experiment  Station — National  Fertilizer 
Association.) 

Applying  Fertilizers  through  Irrigation  Water 

Fortunately,  many  fertilizer  materials  can  be  applied  to  the 
soil  through  irrigation  water.  The  application  of  fertilizers  in 
this  fashion  has  been  practiced  in  the  Western  States  for  years. 
Although  surface  types  of  irrigation  were  developed  first,  it  is 
clear  from  reports,  research  findings  and  farm  experience  that 
fertilizers  have  long  been  applied  to  the  soil  through  sprinkler 
irrigation  systems.  In  fact,  this  latter  system  has  been  used  in 
California  since  1930.  Since  supplemental  irrigation  in  the  East 
more  often  is  sprinkler  irrigation,  the  discussion  is  limited  to  this 
method  of  fertilizer  application.  Similar  procedures  can  be  used 
with  surface  irrigation. 

With  the  development  of  lightweight  aluminum  pipe,  the 
use  of  sprinkler  irrigation  has  expanded  rapidly,  and  so  has  the 
interest  in  the  method  and  its  potentialities. 
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Advantages  and  Disadvantages  to  Applying 
Fertilizer  through  Irrigation  Water 

There  are  good  reasons  for  this  interest.  First,  the  applica- 
tion of  fertilizer  through  sprinkler  irrigation  systems  provides  a 
means  of  doing  two  important  jobs  at  one  time.  Both  fertilizer 
and  water  can  be  put  on  in  one  operation  with  little  more  labor 
than  required  for  just  applying  water.  Second,  a  close  control  can 
usually  be  kept  over  the  placement  depth  of  nitrogen  fertilizers 
that  move  freely  in  the  soil.  It  should  be  pointed  out,  however, 
that  the  uniformity  of  fertilizer  distribution  is  dependent  on  the 
uniformity  of  water  distribution.  Therefore,  if  the  sprinkler  sys- 
tem is  improperly  designed,  poor  fertilizer  distribution  as  well  as 
poor  water  distribution  will  result.  This  is  one  of  the  real  prob- 
lems involved  in  applying  fertilizer  through  sprinkler  irrigation. 
Third,  a  sprinkler  irrigation  system  provides  plant  nutrients  in 
solution — the  form  in  which  they  are  absorbed  by  the  roots. 

There  are,  however,  some  disadvantages  to  applying  fertil- 
izers through  irrigation  water.  First,  since  the  fertilizer  must  be 
water-soluble,  some  materials,  oftentimes  the  cheapest  forms, 
cannot  be  used.  Second,  localized  fertilizer  placement  cannot  be 
achieved.  For  example,  it  is  impossible  at  corn  planting  time  to 
follow  the  usual  recommendation  for  putting  the  starter  fertilizer 
in  a  band  to  the  side  and  below  the  seed,  a  practice  which  keeps 
the  fertilizer  from  coming  into  contact  with  the  seed  and  possibly 
affecting  germination  adversely.  Nevertheless,  fertilizer  irriga- 
tion places  plant-food  nutrients  close  to  the  tiny  plants  and  easily 
available  for  their  use.  Such  placement  contributes  to  the 
economy  of  fertilizer  use  on  row  crops. 

A  third  disadvantage  of  applying  fertilizer  through  irriga- 
tion develops  when  materials  containing  phosphoric  acid  are 
used.  If  applied  in  the  water  they  will  concentrate  near  the 
surface — not  in  the  root  zone  where  they  should  be  for  best 
results.  If  deep  placement  is  required,  the  only  way  to  do  the  job 
is  to  employ  mechanical  methods.  One  can't  rely  on  phosphatic 
plant  food  being  carried  down  by  irrigation  water. 

Method  of  Applying  Fertilizers  through  Irrigation  Water^ 

One  of  the  simplest  and  most  common  ways  to  inject  ferti- 
lizers into  a  sprinkler  irrigation  system  is  by  the  use  of  the  so- 


'The  author   has   drawn    heavily   on   material   presented   by   James   E.    Ferguson   at   the 
Annual  Meeting  of  the  National  Fertilizer  Association,  White  Sulphur   Springs,   West  Vir- 
ginia, June  15,  1953. 
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called  "two-valve"  method.  A  valve  and  hose  is  provided  on  the 
discharge  side  of  the  pump  to  supply  water  to  a  55-gallon  drum 
where  the  fertilizer  is  mixed  with  the  water.  A  second  valve  and 
hose  is  provided  on  the  suction  side  of  the  pump  through  which 
the  mixture  is  drawn  into  the  system.  The  rate  of  intake  is  ad- 
justed by  means  of  the  valve  on  the  suction  side  of  the  pump. 


Fig.  24.  Injecting  fertilizer  into  an  irrigation  system  using  the  so-called 
"Two-Valve"  method.  (Courtesy,  J.  E.  Ferguson,  Southern  Irrigation 
Company.) 

Another  method  of  applying  fertilizers  through  a  sprinkler 
irrigation  system  involves  the  use  of  a  Venturi  tube  placed  in 
the  discharge  pipe  line.  This  method  is  applicable  to  any  system 
regardless  of  the  type  of  pump  used.  The  Venturi  tube  is  con- 
nected by  means  of  a  pipe  to  a  closed  supply  tank,  thus  forming 
a  circuit  for  water  flow  from  the  main  pipe  line  to  the  Venturi 
throat,  or  small  part  of  the  tube.  Positive  displacement  pumps 
are  sometimes  used  to  inject  the  fertilizer-water  mixtures  into 
the  sprinkler  system.  This  may  be  particularly  applicable  when 
the  system  is  operated  from  a  deep-well  turbine  pump. 


102 


Irrigation  for  Eastern  United  States 


Fig.   25.  Injecting  fertilizer  into   an   irrigation   system    using   the   Venturi 
method.    (Courtesy,  P.  F.  Dragon,  Dragon  Eng.  Co.) 

Time  Intervals  in  Applying  Fertilizers 

The  recommended  procedure  followed  in  applying  fertilizers 
through  a  sprinkler  irrigation  system  usually  is  divided  into 
three  time  intervals.  During  the  first  period,  just  plain  irriga- 
tion water  is  pumped  through  the  system.  During  the  second 
interval,  which  normally  should  not  be  less  than  a  half  hour,  the 
fertilizer-water  solution  is  injected  into  the  system.  If  this 
amount  of  time  is  allowed,  the  possibilitj^  of  poor  distribution  due 
to  slow  and  uneven  rotation  of  older  sprinklers  is  eliminated. 
Also,  at  normal  fertilizer  application  rates,  the  fertilizer-water 
mixture  passing  through  the  system  is  so  dilute  as  to  practically 
eliminate  any  possible  foliage  burn.  Likewise,  such  a  dilute 
fertilizer  solution  reduces  corrosive  effects  on  the  irrigation 
mechanism. 

During  the  third  and  final  time  interval  plain  water  again  is 
the  only  material  pumped  through  the  pipes.  Suff"icient  water 
should  be  applied  during  this  interval  to  completely  rinse  the 
system  and  to  remove  all  fertilizer  from  the  plant  foliage. 
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Quantities  of  Fertilizer  to  Apply 

No  more  than  five  pounds  of  fertilizer  per  100  gallons  of 

water  should  be  applied  through  a  sprinkler  irrigation  system. 

The  following  equation  can  be  used  for  calculating  the  amount 

of  fertilizer  to  be  injected  into  the  sprinkler  irrigation  system 

for  each  set  or  position  of  the  sprinkler  laterals. 

(LxW)(R) 

P    =  

(43560) 

P     =   Pounds  of  fertilizer  injected  per  lateral  set 

L     =   Length  of  lateral 

W   r=  Width  between  successive  lateral  positions 

43560   =   Square  feet  per  acre 

R  =  Desired  rate  of  fertilizer  application  in  pounds  per  acre 
Of  course,  the  amount  of  fertilizer  to  be  applied  per  acre  will 
depend  on  the  particular  soil  involved,  on  the  fertilizer  material 
being  applied,  and  on  the  crop  itself.  Since  the  amount  of  plant 
food  removed  by  different  crops  furnishes  some  guide  as  to  the 
quantity  which  must  be  present,  there  is  a  relationship  between 
the  requirements  and  fertilizer  application  recommendations. 
The  amount  of  fertilizer  plant-food  nutrients  removed  by  some 
of  our  more  common  farm  crops  is  given  in  Table  IV. 

TABLE  IV 
PLANT  FOOD  NUTRIENTS  REMOVED  BY  COMMON  FARM  CROPS 


Crop 


Yield 


Removal — Pounds  of 


N 


P.O., 


KoO 


Alfalfa  Hay 

Apples 

Barley  (Grain) 

Beets,  Sugar  (Roots) 

Cabbage 

Celery 

Clover,  Red 

Corn  (Grain) 

Corn  (Stover) 

Corn  (Grain  and  Stover). 
Cotton  (Lint  and  Seed).... 

Grapes 

Lespedeza  Hay 

Oats  (Grain) 

Oranges 

Peaches 

Peanuts  (Nuts) 

Potatoes,  Irish  (Tubers)  . 
Potatoes,  Sweet  (Roots)  . 

Soy  Beans  (Grain)  

Spinach 

Timothy  Hay 

Tobacco 

Tomatoes 

Wheat  (Grain) 


4  tons 

187 

400  bu. 

20 

60  bu. 

53 

20  tons 

73 

15  tons 

100 

350  crates 

80 

2  tons 

80 

100  bu. 

78 

3H  tons 

52 

100  bu. 

130 

IH  bale 

57 

4  tons 

10 

3  tons 

130 

75  bu. 

53 

600  boxes 

65 

500  bu. 

30 

1  ton 

60 

500  bu. 

108 

500  bu. 

75 

40  bu. 

176 

9  tons 

90 

2  tons 

53 

2000  lbs. 

73 

10  tons 

60 

40  bu. 

47 

47 

180 

7 

30 

23 

15 

29 

71 

25 

100 

65 

235 

20 

70 

36 

26 

19 

94 

55 

120 

27 

21 

6 

20 

30 

70 

23 

15 

23 

105 

15 

55 

10 

10 

42 

192 

25 

125 

56 

64 

30 

45 

20 

60 

13 

106 

20 

80 

21 

12 

•Legumes  obtain  a  part  of  their  nitrogen   from  the  air. 
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Suitable  Fertilizer  Materials 

Many  fertilizer  materials  are  on  the  market  today,  differing 
not  only  in  type  but  also  in  plant-food  nutrient  content.  Some 
carry  only  one  of  the  primary  plant- food  nutrients ;  others  carry 
two;  while  complete  mixed  fertilizers  furnish  all  three.  In  ad- 
dition, the  corrosive  qualities  of  the  different  fertilizer  materials 
vary,  making  some  more  suitable  than  others  for  application 
through  sprinklers. 

Table  V  gives  the  percentages  of  total  nitrogen,  available 
phosphoric  acid,  and  potash  carried  by  most  of  our  commonly 
used  soluble  fertilizer  materials.  Some  information  on  the  cor- 
rosive qualities  of  certain  fertilizer  materials  is  presented  in 
Table  VI. 


TABLE  V 

AVERAGE  NITROGEN,  AVAILABLE  PHOSPHORIC  ACID, 

AND  POTASH  CONTENT  OF  SOME  COMMONLY 

USED  FERTILIZER  MATERIALS 


Fertilizer  Material 

Total  Nitrogen 
(percent) 

Available 

Phosphoric 

Acid 

(percent) 

Water  Soluble 
Potash 

(percent) 

Ammonium  nitrate 

33.0 
16.0-11.0 
20.5 
82.2 
24.6 
15.5 
20.5 
22.0 

87.0-49.0 
16.0 

42.0-45.0 

20.0-48.0 

52.0 

18.0-20.0 
40.0-48.0 

Ammonium  phosphates 



Ammonium  sulfate 



Anhydrous  ammonia 



Aqua  ammonia                          .  . 



Calcium  nitrate 



Calnitro                        



Cyanamid                            ... 



Liquid  phosphoric  acid 

Muriate  of  potash 

50.0-62.0 

Nitrogen  fertilizer  solutions 

Nitrate  of  soda 

Sulfate  of  potash                  

48.0-52.0 

Sulfate  of  potash-magnesia 

Superphosphate  (Normal) 

Superphosphate   (Concentrated) 
Urea 

22.0 
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TABLE  VI 

RELATIVE  CORROSION  OF  VARIOUS  METALS"  AFTER  FOUR  DAYS 

OF  IMMERSION  IN  SOLUTIONS  OF  COMMERCIAL  FERTILIZERS" 


So. 
Kind  of  Metal        1   .2  « 

3   =3 

S 

3 

Is 
11 

S 

3 

o 
a 

Di-ammon- 

ium 
Phosphate 

Mixed  Fer- 
tilizer 
17-17-10"= 

Galvanized  Iron                 2 

1 

2 
0 
0 
0 

4 
1 
0 
3 
3 

3 
1 
0 
3 

2 

1 

0 
0 
0 
0 

4 
2 
1 
2 

2 

1 
2 
0 
4 
4 

1 

Sheet  Aluminum '     0 

Stainless  Steel              .  '     0 

1 
0 

Phospho-Bronze 1 

Yellow  Brass                 J     1 

4 
4 

PH  of  Fertilizer 

Solution 5.6 

8.6 

5.9 

5.0 

7.6 

0.4 

8.0 

7.3 

Nitrogen  Materials 

Ammonium  Nitrate.  This  33.0  per  cent  solid  nitrogen  mate- 
rial carries  one-half  of  its  nitrogen  in  the  ammonium  form  and 
the  other  half  in  the  nitrate  form.  It  is  completely  water  soluble, 
making  it  satisfactory  for  application  through  sprinkler  systems. 

Ammonium  Phosphates.  The  three  most  commonly  used  am- 
monium phosphates  are  16-20-0  (commonly  called  ammonium 
phosphate-sulfate),  11-48-0  and  13-39-0.  The  first  figure  in  the 
formula  refers  to  the  percentage  of  nitrogen ;  the  second  figure 
to  the  percentage  of  available  phosphoric  acid.  The  0  indicates 
that  these  materials  carry  no  potash.  All  three  of  these  am- 
monium phosphates  are  water  soluble.  They  are  considered  ideal 
for  supplying  both  nitrogen  and  phosphoric  acid  through  irriga- 
tion water. 

Ammonium  Sulfate.  Ammonium  sulfate  carries  approxi- 
mately 20.5  per  cent  nitrogen  in  the  ammonium  form.  In  addition 
to  nitrogen,  this  material  supplies  sulfur.  Because  of  its  sulfur 
content  it  leaves  an  acid  residue  which  is  desirable  on  soils  with  a 
high  pH  value.  It  is  entirely  satisfactory  as  a  nitrogen  material 
for  distribution  through  sprinkler  irrigation  systems. 

Anhydrous  Ammonia.  This  very  concentrated  nitrogen  mate- 


0 — None  :   1 — slight ;   2 — moderate  ;   3 — considerable  ;   4 — severe. 

•'Metal  sheets  stood   in  fertilizer  solutions   4  days  prior  to  demonstration. 

••Solutions  by  dissolving  100  pounds  material   in   100  gallons  water. 

'A  commercial  mixture  made  by  mixing  ammonium  sulfate,  di-ammonium  phosphate, 
and  sulfate  of  potash. 

Source:  Martin,  W.  E.,  Extension  Soils  Specialist,  University  of  California.  "Do  Ferti- 
lizers Ruin  Sprinkler  Systems?",  a  talk  presented  before  the  Irrigation  Sprinkler  Conference, 
January  30,   1953. 
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rial  is  actually  a  gas,  but  it  is  stored  under  pressure  as  a  liquid. 
When  released  from  storage  pressure,  anhydrous  ammonia  re- 
verts to  its  gaseous  form.  Currently,  there  is  considerable  con- 
troversy as  to  the  use  of  this  nitrogen  fertilizer  for  application 
through  sprinklers.  Results  of  tests  in  Georgia  by  Carreker  ^ 
with  anhydrous  ammonia  showed  severe  plant  burn.  Also,  there 
was  a  loss  of  75  per  cent  of  the  nitrogen  from  the  solution  dis- 
charged by  the  sprinklers  and  that  which  was  collected  as  the 
solution  hit  the  ground.  On  the  other  hand,  many  authorities  who 
are  well  informed  on  the  reactions  of  anhydrous  ammonia  believe 
that  this  nitrogen  material  can  be  successfully  distributed 
through  sprinkler  systems.  However,  until  methods  have  been 
proven,  most  irrigation  technicians  will  likely  refrain  from 
recommending  the  application  of  this  form  of  nitrogen  through 
sprinkler  irrigation  systems. 

Aqua  Ammonia.  This  nitrogen  carrier  is  simply  a  saturated 
solution  of  ammonia  in  water.  Contrasted  to  anhydrous  ammonia, 
aqua  ammonia  can  be  stored  in  ordinary  tanks  since  it  exerts 
little  or  no  pressure.  Being  in  solution,  it  can  be  easily  injected 
into  the  water  stream  of  the  irrigation  system.  Problems  of  loss 
and  leaf  burn  may  be  similar  to  those  experienced  with  an- 
hydrous ammonia. 

Calchim  Nitrate.  This  nitrogen  fertilizer,  carrying  both 
nitrogen  and  calcium,  is  imported  into  the  United  States.  Because 
of  its  rather  low  nitrogen  content,  a  larger  amount  of  this  mate- 
rial must  be  used  than  of  the  higher  nitrogen  fertilizers.  Its  con- 
tinued use  tends  to  raise  the  pH  value  of  the  soil. 

Calnitro.  This  product  is  essentially  ammonium  nitrate  plus 
dolomitic  limestone.  One-half  of  the  nitrogen  is  in  the  ammonia 
form  and  the  other  half  in  the  nitrate  form.  In  addition  to  nitro- 
gen, Calnitro  furnishes  calcium  and  magnesium,  and  is  con- 
sidered a  very  good  source  of  nitrogen. 

Cyanamid.  This  is  a  specialty  nitrogen  material.  When  ap- 
plied to  the  soil  it  undergoes  certain  chemical  changes,  and  the 
intermediate  products  formed  are  harmful  to  germinating  seeds. 
When  used  for  field  crops,  cyanamid  should  be  put  in  well  in  ad- 
vance of  planting  time.  Although  used  extensively  for  weed  con- 
trol on  tobacco  beds,  and  also  for  defoliating  of  cotton  and  soy- 
beans, prospects  of  its  use  in  sprinkler  irrigation  systems 
certainly  appear  to  be  very  limited. 


'Carreker,  John  R.,  College  of  Agriculture,  University  of  Georgia,  1949  Annual  Report. 
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Nitrate  of  Soda.  The  use  of  nitrate  of  soda,  which  carries  16 
per  cent  of  nitrogen,  lessens  the  need  for  lime.  It  is  best  suited, 
therefore,  for  use  on  acid  soils.  Under  certain  conditions,  the 
sodium  in  nitrate  of  soda  appears  to  substitute  for  potash  to  a 
limited  degree.  Being  water-soluble,  this  material  can  be  applied 
through  sprinkler  systems. 

Nitrogen  Fertilizer  Solutions.  These  materials  are  normally 
used  by  the  fertilizer  manufacturer  to  make  complete  mixed 
fertilizers.  Most  contain  some  free  ammonia  which  causes  the 
same  problems  discussed  under  "Anhydrous  Ammonia"  above. 
Those  materials,  composed  largely  of  ammonium  nitrate  and 
urea,  are,  however,  being  used  satisfactorily  in  sprinkler  irriga- 
tion systems. 

Urea.  This  high  nitrogen  fertilizer  material  is  water-soluble 
and  is  ideally  suited  for  distribution  through  irrigation  systems. 
In  fact,  research  has  shown  that  the  plant  can  assimilate  urea 
nitrogen  in  small  amounts  through  the  leaves.  The  spray  method 
of  application  is  fairly  common  in  orchards  where  a  delicate 
nutrient  balance  is  necessary  for  fruit  color.  When  applied  to 
the  soil,  urea  is  quickly  converted  to  ammonia  and  to  the  nitrate 
forms  which  can  be  taken  up  by  the  plant  roots. 

Phosphoric  Acid  Materials 

Ammonium  Phosphate.  These  materials  have  already  been 
discussed  under  Nitrogen  Materials.  They  are  highly  prized  for 
irrigation  application. 

Superphosphate  (Normal  ) .  Normal  superphosphate,  the 
most  common  of  all  phosphoric-acid-carrying  fertilizer  materials, 
is  made  by  treating  finely  ground  phosphate  rock  with  sulfuric 
acid.  The  acid  converts  the  insoluble  phosphate  to  a  more  avail- 
able form.  Normal  superphosphate  contains  large  amounts  of 
gypsum  which  has  a  fertilizer  value  under  alkaline  soil  con- 
ditions. Unfortunately,  however,  the  gypsum  is  insoluble  in 
water,  which  makes  its  distribution  through  sprinklers  somewhat 
difficult.  If  the  material  is  mixed  in  a  drum  and  then  left  so  that 
the  gypsum  will  settle  out,  a  fair  distribution  is  possible  of  the 
liquid  which  contains  practically  all  of  the  phosphoric  acid. 

Superphosphate  {Concentrated) .  This  material  varies  from 
normal  superphosphate  in  that  most  of  the  gypsum  has  been 
removed.  It  is,  therefore,  more  concentrated  than  normal  super- 
phosphate. The  removal  of  the  gypsum  also  makes  it  easier  to 
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dissolve  it  in  water  and  inject  it  into  the  water  stream  of  the 
irrigation  system.  The  ammoniated  forms  of  either  normal  or 
concentrated  superphosphate  are  not  suitable  for  application 
through  sprinkler  irrigation  systems. 


Potash  Materials 

Muriate  of  Potash.  There  are  two  grades  of  muriate  of  pot- 
ash, one  carrying  approximately  50  per  cent  potash  and  the  other 
approximately  62  per  cent  potash.  Both  grades  are  water-soluble 
and  can,  therefore,  be  injected  into  the  water  stream  of  a  sprin- 
kler irrigation  system. 

Sulfate  of  Potash.  This  material  is  of  particular  value  for 
crops  where  an  excess  of  chlorine  is  harmful  to  quality.  It  is 
water-soluble  and  can  be  satisfactorily  distributed  through  a 
sprinkler  system. 

Sulfate  of  Potash-Magnesia.  In  addition  to  furnishing  pot- 
ash, this  fertilizer  material  also  supplies  magnesium,  one  of  the 
secondary  plant-food  nutrients.  It  is  ideally  suited  for  crops  re- 
quiring ample  quantities  of  soluble  magnesium.  Being  water- 
soluble,  it  can  be  distributed  by  irrigation  methods. 


Mixed  Fertilizers 

There  are  many  different  mixed  fertilizers.  What's  more,  a 
mixed  fertilizer  of  a  given  plant-food  content  can  be  made  from  a 
wide  variety  of  fertilizer  materials.  Some  of  these  are  completely 
water-soluble  while  others  are  not.  It  is  impossible,  therefore, 
to  give  any  definite  statements  as  to  the  suitability  of  mixed 
fertilizers  for  distribution  through  irrigation  systems.  This  much 
can  be  said,  however — that  if  the  fertilizer  is  composed  com- 
pletely of  water-soluble  materials,  it  can  be  applied  through  the 
water  stream. 

Several  complete  mixed  liquid  fertilizers  are  on  the  market 
and  the  farmer  should  remember  that  a  pound  of  plant  food  is  a 
pound  of  plant  food  whether  it  be  in  liquid  or  powdered  form.  If 
the  price  of  the  plant  food  in  the  liquid  form  is  in  line  with  that 
in  dry  forms  then  there  are  no  objections  to  liquids.  The  liquids, 
of  course,  can  be  injected  into  the  sprinkler  system  with  ease. 
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Development  of  the  New  Agricultural  Frontier 

To  summarize,  the  use  of  supplemental  irrigation  coupled 
with  the  wise  use  of  fertilizer  opens  a  new  frontier  for  American 
agriculture.  Farmers  are  now  afforded  an  opportunity  to  grow 
bigger  crops  of  better  quality  on  their  acres.  Net  result :  Higher 
yields  which  reduce  the  unit  cost  of  production  and  thus  con- 
tribute to  a  more  efficient  agriculture. 

Many  problems  need  further  study,  but  these  will  be  solved 
through  the  combined  efforts  of  research  agencies  and  private 
industry.  With  the  rapid  increase  in  the  number  of  irrigation 
systems,  improvement  in  fertilizer  technology  and  in  the  know- 
how  of  applying  plant  food  nutrients  through  irrigation  water, 
more  abundant  and  efficient  production  on  our  farms  can  be 
anticipated. 


CHAPTER  IX 

COSTS  AND  PROFITS 

Since  each  supplemental  irrigation  development  is  highly 
individualized  and  presents  many  variable  factors  and  con- 
ditions, it  is  impossible  to  give  generally  applicable  data  on  costs 
and  profits.  Each  project  must  be  planned  and  estimated 
separately. 

Cost  of  Pumping 

This  is  given  in  Appendix  C. 

Total  Irrigating  Costs 

Appendix  C  mentions  the  power  cost  of  pumping  only,  not 
the  total  cost  of  irrigation.  Much  the  larger  part  of  surface 
irrigation  expense,  both  for  original  cost  and  for  annual  cost,  is 
incurred  for  labor  and  farm  equipment  use  which  may  not  in- 
volve a  cash  outlay.  On  the  other  hand,  sprinkling  systems  re- 
quire less  labor  and  more  cash.  The  costs  given  subsequently  are 
total  irrigating  costs,  including  labor,  farm  equipment  use, 
pumping  and  other  costs  of  securing  the  water;  and  interest, 
taxes,  insurance,  and  depreciation  on  the  original  cost  of 
investment. 

As  stated  heretofore,  each  project  must  be  planned  and 
estimated  individually,  and  consequently  it  is  impossible  to  give 
here  cost  figures  that  will  suit  a  particular  project.  However, 
the  following  will  furnish  a  rough  idea  of  1954  costs  of  irriga- 
tion to  those  not  familiar  with  such  practices.  Costs  for  an  un- 
usual case  may  be  lower  or  higher.  It  must  be  reiterated  that 
costs  per  acre  are  generally  much  higher  on  small  areas  (say 
under  20  acres)  than  on  large  areas  (say  over  60  acres). 

Total  Original  Cost 

The  average  original  complete  cost  of  installing  supple- 
mental irrigation  on  a  large,  well-planned  project  in  the  East 
may  be  in  the  neighborhood  of  $60  to  $125  per  acre,  occasionally 
outside  of  these  limits. 

Total  Annual  Cost 

The  annual  fixed  cost  of  keeping  the  irrigation  installation 
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ready  to  serve  whether  used  or  not,  consists  of  interest,  deprecia- 
tion, taxes,  and  insurance  totaling  7  to  10  per  cent  annually  of 
the  original  cost,  or  from  $5  to  $12  per  acre  per  year.  This  per- 
mits the  higher  type  of  crop  culture  and  yields  that  are  possible 
with  an  assured  water  supply,  and  in  addition  may  be  considered 
in  the  nature  of  an  insurance  premium  for  protection  against 
droughts,  against  decreased  yields  where  rainfall  is  poorly  dis- 
tributed, and  against  interruptions  in  the  permanent  farm  and 
livestock  program  caused  by  uncertain  yields. 

Each  year  that  irrigation  is  used  considerably^,  and  this  will 
be  most  years  for  most  crops,  the  total  annual  cost  for  each 
acre,  including  the  ready  to  serve  annual  costs  of  the  preceding 
paragraph,  may  be  from  $20  to  $25,  occasionally  outside  these 
limits.  The  average  cost  per  acre  over  many  years  will  be  less 
since  wet  years  will  occur,  but  the  larger  yields  will  be  secured 
every  year. 

Irrigation  costs  throughout  the  arid  West  are  much  greater 
than  those  for  the  East  as  are  transportation  costs,  land  values, 
and  taxes.  The  scattered  irrigation  of  the  East  is  much  less 
vulnerable  to  bombing  than  is  the  concentrated  stored  irrigation 
water  of  the  large  projects  in  the  West. 

Comparison  of  Sprinkling  with  Surface  Costs 

These  are  given  on  pages  48  through  51. 

Profits 

Of  great  importance  as  a  long-time  profit  is  the  increased 
value  and  marketability  of  farms  after  they  have  been  placed 
under  irrigation.  It  is  entirely  conceivable  that  non-irrigated 
crop  land  will  begin  to  depreciate  in  value  in  the  next  decade 
while  irrigated  land  will  increase  greatly. 

Because  conditions  vary  so  widely  and  because  of  changing 
costs  and  prices,  it  is  not  often  possible  to  find  data  on  annual 
profits  that  can  be  transferred  readily  and  with  confidence  to  a 
new  and  different  situation.  In  general  it  would  appear  that  well- 
planned  and  well-executed  supplemental  irrigation  will  earn  in 
crop  value  now  (much  more  as  irrigation  practices  improve)  100 
per  cent  on  annual  expense  thereof  and,  in  addition,  will  serve  as 
insurance  against  severe  losses  and  interruptions  of  the  farm 
and  livestock  program  caused  by  low  yields  and  droughts,  big 
and  little. 

Truck    and    special    crops   often    are    the    most    profitably 
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irrigated  (see  the  References  or  visit  truck  farms  near  the  larger 
cities),  but  they  are  too  numerous  and  too  variable  to  describe 
here. 

Taking  corn  as  an  example  of  field  crops,  the  average  yearly 
irrigation  on  an  efficient  project  over  wet  and  dry  years  may  cost 
$20  per  acre  total  (including  interest,  depreciation,  taxes,  insur- 
ance, use  of  farm  equipment,  labor,  supplies,  power,  etc.).  While 
the  total  cost  of  putting  in  the  crop  (including  heavier  fertiliza- 
tion and  increased  plant  population)  will  be  greater,  the  cost 
per  bushel  will  not  be  greater  since  the  yield  will  be  increased. 

In  return  for  this  annual  expense,  an  average  yearly  in- 
crease should  be  secured  of  40  bushels  or  more  per  acre.  Colonel 
C.  R.  Pettis  (Reference  66)  and  most  informed  persons  believe 
that  the  increased  yield  will  exceed  this  figure,  attaining  a  total 
average  yield  of  much  over  100  bushels  per  acre  as  compared 
with  a  U.  S.  average  of  35  and  peak  state  averages  of  around  60. 
In  addition,  there  would  be  assurance  against  droughts  and  low 
yields  which  interrupt  the  regularity  of  the  farm  business,  as  for 
example,  a  livestock  program  may  be  interrupted  because  valu- 
able herds  must  be  sold  on  a  demoralized  market.  A  farmer  can 
no  more  afford  these  interruptions,  such  as  occurred  in 
1952,  1953,  and  other  drought  years,  than  can  an  efficient 
manufacturer. 

Throughout  the  References  will  be  found  example  after 
example  where  the  profit  on  all  kinds  of  crops  exceeded  100  per 
cent  on  the  annual  cost  of  irrigation,  without  benefit  of  the  latest 
developments. 

In  the  Yearbook  of  Agriculture,  lOAS-lOA?,  an  example  is 
given  by  L.  M.  Ware  of  the  Alabama  Agricultural  Experiment 
Station.  Sweet  corn  failed  completely  in  a  field  at  Auburn,  when 
no  commercial  fertilizer  was  used,  he  reported  in  1945;  the  plant 
food  in  the  soil  was  inadequate  to  support  corn  production.  But 
when  a  commercial  fertilizer  was  added,  a  yield  of  corn  valued 
at  $153  an  acre  was  obtained.  When  a  commercial  fertilizer  was 
added  and  the  corn  irrigated,  a  crop  was  produced  that  had  a 
value  of  $253  an  acre.  When  a  commercial  fertilizer  and  manure 
were  added,  the  crop  was  valued  at  $439.50  an  acre.  When  a 
commercial  fertilizer  and  manure  were  added  and  the  corn 
was  irrigated,  a  crop  was  produced  that  had  a  value  of  $553  an 
acre.  When  commercial  fertilizer  and  manure  were  added,  a  crop 
of  vetch  was  turned,  and  the  corn  was  irrigated,  a  yield  was 
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produced  that  had  a  value  of  $699.50.  Each  fertility  factor 
artificially  helped  to  provide  more  nearly  the  optimum  conditions 
for  corn  production.  The  effect  on  the  yield  of  corn  was  cumula- 
tive. When  all  factors  were  supplied,  a  yield  of  13,845  pounds  of 
marketable  green  corn  was  produced.  Reference  62  gives  a 
similar  but  later  experiment  with  similar  results. 

Many  other  examples  of  the  increased  quaPity  and  quantity 
of  yields  are  found  throughout  the  literature  of  supplemental 
irrigation.  However,  most  of  the  reports  are  conservative  since 
the  full  advantages  of  irrigation  had  not  been  obtained.  The 
future  will  see  greatly  increased  yields  and  profits  as  the  present 
knowledge  of  crop  scheduling,  of  irrigation,  of  fertilization,  of 
close  planting,  and  of  strains  adapted  to  irrigation  is  put  to  work 
under  expert  advice  and  with  cooperation  among  the  irrigators. 


CHAPTER  X 

CONCLUSIONS 

Most  of  the  conclusions  may  be  inferred  from  the  preceeding 
pages,  but  a  brief  summary  is  presented  here. 

Supplemental  irrigation  has  been  practiced  satisfactorily  in 
various  portions  of  the  United  States  since  1900,  and  recently  the 
procedures  and  techniques  have  been  developed  sufficiently  to 
justify  great  expansion  and  to  ensure  increasingly  profitable 
results  throughout  the  East.  Vegetables  and  truck  crops, 
orchards,  small  fruits,  corn,  alfalfa,  rice,  most  other  crops,  and 
irrigated  pasture  all  give  increased  profits  under  proper  irriga- 
tion and  market  conditions.  Rice  must  be  raised  in  standing 
water  but  other  crops  may  be  irrigated  either  by  sprinkling  or  by 
surface  methods. 

Advantages.  Irrigation  in  the  East  should  be  viewed  only 
secondarily  as  insurance  against  bad  droughts,  but  mainly  as  a 
method  of  increasing  the  yield  and  value  of  crops  in  all  years  and 
making  possible  an  uninterrupted  farm  program.  It  will  provide 
a  self-liquidating  type  of  investment  for  the  surplus  funds  in  the 
hands  of  farmers,  and  it  will  permit  satisfactory  loans  for  banks 
and  insurance  companies. 

The  eleven  points  enumerated  on  pages  24  and  25  make  ir- 
rigation more  promising  than  in  the  past.  The  East  possesses 
competitive  advantage  for  irrigation  over  many  western  arid 
regions  because  rainfall  supplies  most  of  the  needed  water: 
because  water-right,  water-table,  and  drainage  problems  are  at 
a  minimum;  because  the  country  is  settled  and  developed;  and 
because  it  has  larger  and  closer  markets.  A  doubling  of  crop 
yields  or  a  return  of  100  per  cent  on  the  annual  cost  of  irrigation 
will  often  be  realized. 

Requirements.  Supplemental  irrigation  should  be  used  only 
on  satisfactory  soils,  with  proper  topography,  with  good  drain- 
age, with  a  long-term  water  right,  and  with  a  reasonable  irrigat- 
ing cost.  It  should  also  be  directed  toward  satisfactory  markets, 
performed  under  experienced  direction,  and  installed  perma- 
nently. It  does  not  pay  to  irrigate  for  a  dry  year  or  two  and  then 
abandon  the  idea.  A  halfhearted  attempt  is  doomed  to  failure.  On 

114 


Conclusions  115 

the  other  hand,  the  scientific  irrigated  farming  of  the  future  will 
far  surpass  that  of  the  present. 

Experience  shows  definitely  that  use  of  proper  fertilizers 
must  usually  go  hand  in  hand  with  irrigation  if  the  maximum 
returns  are  to  be  obtained.  Also,  strains  and  spacing  of  plants 
adapted  to  irrigation  must  be  used,  and  scheduled  balanced  farm- 
ing with  weed  and  pest  control  is  frequently  advisable. 

It  is  necessary  that  controlled  experiments  and  demonstra- 
tions be  established  in  the  East  and  continued  without  inter- 
ruption over  wet  and  dry  years  to  accumulate  local  data  for 
irrigation  and  to  demonstrate  good  practices.  Programs  similar 
to  those  of  References  6,  8,  13,  23,  30,  32,  34,  37,  59,  63,  71,  and 
217  will  suffice. 

The  advancement  of  supplemental  irrigation  will  best  be 
accomplished  through  the  interest  and  efforts  of  groups  and 
organizations,  as  it  has  been  in  most  of  the  successful  irrigation 
developments,  rather  than  by  individuals.  Organizational  pro- 
cedures that  have  realized  benefits  in  the  West  must  be  adapted 
and  used  in  the  East.  National  associations  such  as  those  of  the 
fertilizer  and  sprinkler  manufacturers  will  be  helpful,  as  will  be 
the  manufacturers  of  pumps  and  pipe.  Much  promotional  co- 
operation among  the  interested  parties  will  be  necessary.  It  is 
hoped  that  this  book  will  provide  an  informational  basis  that 
will  encourage  the  growth  of  scientific  supplemental  irrigation. 

Larger  Acreages  Desirable.  Larger  acreages  will  generally 
cost  less  per  acre  for  irrigating  than  will  smaller  acreages. 
Furthermore,  because  of  the  greater  community  interest  in 
common  problems  among  more  people  on  larger  developments, 
the  larger  acreages  will  usually  produce  more  marketable  and 
more  profitable  crops.  Smaller  acreages  may  be  irrigated 
profitably  under  special  conditions  if  carefully  planned. 

Cooperation.  Successful  irrigation  throughout  the  arid  West 
often  has  involved  blocks  of  land  of  from  several  thousand  to 
a  million  acres.  In  most  cases  the  development  has  been  super- 
vised by  federal  and  state  governments  or  by  large  corporations 
and  the  whole  undertaking,  including  the  actual  irrigation  and 
farming,  has  attained  the  efficiency  which  characterizes  large 
enterprises.  In  the  East,  supplemental  irrigation  will  be  done  on 
relatively  small  and  isolated  areas;  nevertheless,  it  will  be 
necessary  to  attain  similar  efficiency.  It  is  essential  that  the  group 
action  characteristic  of  older,  successful  irrigated  districts  be 
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encouraged  in  the  East  so  that  these  cooperative  practices  may 
be  established  and  extended  and  modified  to  fit  the  local  situation, 
A  Single  Plant  for  Several  Farms.  In  cases  where  portable 
pumping  plants  are  practicable,  a  group  of  farmers  may  own 
such  a  plant  as  well  as  the  necessary  pipe  and  accessories,  and 
may  arrange  among  themselves,  perhaps  as  a  water  district,  for 
the  irrigation  of  such  parts  of  their  farms  as  may  be  agreed 
upon. 

Alternatively,  a  farmer  or  a  well-drilling  contractor  may 
secure  this  equipment  and  rent  it  to  others,  preferably  operating 
the  plant  and  directing  the  irrigation  because  of  his  experience 
in  these  matters.  This  is  analogous  to  present  practices  in  renting 
tractors  and  other  farm  machinery. 

In  the  Spokane  Valley,  Washington  during  1949,  80  small 
farms  in  a  suburban  area  comprising  490  acres  completed  a 
single  pressure-pipe  system  with  sprinklers  on  all  their  farms, 
replacing  surface  systems.  It  has  proved  quite  satisfactory.  More 
of  this  sort  of  thing  will  be  done  near  cities  and  towns  where 
such  a  system  could  supply  domestic  water,  fire  protection,  and 
irrigation  to  even  smaller  suburban  homes  or  to  country  estates 
(Reference  215). 

Promotion.  It  is  expected  that  some  of  the  most  successful 
irrigation  will  result  where  large  tracts  of  land  are  irrigated. 

Much  western  promotion  of  irrigation  has  been  conducted 
by  chambers  of  commerce  or  similar  responsible  bodies  which 
have  convinced  their  members  that  expansion  of  irrigation  in 
the  territory  tributary  to  their  cities  would  bring  much  new 
business  to  them,  thus  repaying  their  promotional  activities 
handsomely.  The  chambers  have  often  arranged  for  a  full-time 
promoter,  expert  advice,  and  loans  from  banks,  insurance  com- 
panies, and  governmental  agencies. 

Irrigation  equipment  dealers  should  interest  their  chambers 
of  commerce  and  perhaps  themselves  become  the  expert  advisers 
or  promoters. 

Often  a  real  estate  group  or  a  promoter  will  acquire  several 
thousand  acres,  install  irrigation,  and  subdivide  and  sell  the 
larger  tracts  to  farmers  and  the  smaller  ones  for  business  and 
suburban  homes  or  estates,  perhaps  furnishing  irrigation, 
domestic  water,  and  fire  protection  from  the  same  jointly  or 
privately  owned  system. 

Promoters  should  popularize  supplemental  irrigation  as  a 
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new  and  improved  way  of  life,  as  this  idea  has  been  capitalized 
for  many  years  in  the  West. 

An  irrigated  truck  and  fruit  growing  corporation  with  pack- 
ing, canning,  and  freezing  facilities  will  aid  diversification,  pro- 
vide marketing,  and  give  a  good  load  factor  for  the  entire 
operation  because  of  centralized  and  scientific  scheduling  and 
management,  as  on  page  16.  Other  types  of  irrigated  corpora- 
tion farming  may  prove  successful  if  the  labor  problem  can  be 
solved. 

Since  pump,  pipe,  fertilizer,  and  sprinkler  companies  are 
interested  in  selling  their  products,  and  power  companies  are 
interested  in  selling  their  power,  they  all  are  active  in  promoting 
supplemental  irrigation. 

Subsidies.  Because  of  the  officially  declared  drought  disaster 
areas  of  recent  years,  it  is  probable  that  advice,  and  perhaps 
subsidies,  may  be  forthcoming  from  state  and  federal  agencies. 
The  availability  of  competent  education,  advice,  and  research, 
and  of  experimental  and  demonstration  units  under  such 
auspices,  are  musts  for  successful  irrigation.  They  should  be 
subsidized. 

The  establishment  of  a  few  typical  owner-operated  irrigated 
farms  under  subsidy  and  with  the  technical  advice  of  federal, 
state,  and  local  agencies  will  greatly  speed  the  growth  and  effec- 
tiveness of  supplemental  irrigation.  Reference  23  explains  such 
a  modern  setup  which  takes  into  account  the  whole,  balanced 
farm  management  program,  not  simply  plot  studies,  and  serves 
as  a  down-to-earth  demonstration  farm. 

Competent  Education  and  Advice  Essential.  It  is  especially 
important  that  the  isolated,  individual  farmer  have  expert  advice 
since  he  is  not  skilled  in  the  complexities  of  planning  necessary 
for  modern  irrigation ;  since  he  will  not  have  irrigating  neighbors 
to  advise  him;  since  he  may  attempt  to  economize  too  much  in 
installing  and  operating  his  irrigation ;  since  he  may  not  increase 
his  plant  population  and  fertilization  adequately;  and  since  he 
will  be  tempted  to  abandon  his  irrigation  too  easily.  Once 
abandoned,  it  is  difficult  to  re-establish. 

The  irrigating  head,  the  capacity  of  the  pump  and  of  the 
distributing  system,  the  economy  of  pumping,  the  economical  use 
of  irrigating  labor,  the  amount  of  acreage  to  be  irrigated,  the 
diversification  and  rotation,  the  plant  population,  the  use  of 
fertilizers,  and  scheduled  balanced  farming  and  weed  and  pest 
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control  must  all  conform  to  a  comprehensive  plan  if  a  particular 
project  is  to  give  maximum  returns.  Informed  participation  has 
nearly  always  been  the  basis  for  the  best  irrigation.  Without 
it,  the  irrigation  may  be  abandoned  with  consequent  loss  and 
dissatisfaction,  as  has  often  happened  in  older  irrigated  districts. 
Many  questions  arise  in  the  mind  of  one  contemplating 
irrigation  for  the  first  time.  Competent  education  and  advice 
are  essential  before  any  extensive  development  is  started.  The 
latest  information  must  be  understood,  such  as  the  crop  and 
irrigation  scheduling  of  Thornthwaite.  Irrigation  is  undertaken 
for  profit,  and  poor  planning  or  execution  may  reduce  these 
profits,  sometimes  to  the  vanishing  point.  While  sound  irrigation 
practices  are  pretty  well  established,  they  are  constantly  being 
improved,  and  irrigators  must  keep  abreast  of  the  times.  Teach- 
ers of  agriculture  should  lead  in  spreading  the  facts  regarding 
supplemental  irrigation. 

The  19^3-47  Year  Book  of  Agriculture  states  that: 

The  irrigation  farmer  should  not  be  content  with  water  to  elimi- 
nate the  hazard  of  drought On  any  farm  at  whatever  level  of 

soil  fertility,  maximum  plant  growth  cannot  be  obtained  if  moisture 
is  a  limiting  factor.  Where  moisture  and  plant  nutrients  are  supplied 
in  adequate   amounts,  the  highest   production   will   be   obtained   only 
when  there  are  enough  plants  to  utilize  fully  the  space  available  for 
growth.  It  is  only  when  the  best  combination  of  various  practices  is 
obtained  that  the  farmer  may  expect  a  maximum  yield. 
The  final  word  is :  do  not  start  supplemental  irrigation  with- 
out the  best  advice,  without  the  determination  to  do  a  thorough 
job  such  as  is  done  on  the  better  eastern  and  western  projects, 
and  without  keeping  in  touch  with  the  latest  knowledge  which 
should  be  available  through  teachers  of  agriculture  and  other 
advisers. 
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APPENDIX  A 
HOW  TO  GO  ABOUT  STARTING  IRRIGATION 

These  statements  use  the  personal  pronouns  for  emphasis. 

I.  With  the  advice  of  your  expert,  decide  definitely  whether 
you  wish  to  enter  wholeheartedly  into  a  more  modern  and  more 
productive  type  of  agriculture  involving  considerable  expense 
and  labor  but  with  much  larger  and  more  assured  crops  every 
year. 

Make  your  plans  many  months  before  planting  time.  Advice, 
materials,  and  time  for  installation  are  available  then.  Due  to  the 
rapid  growth  of  supplemental  irrigation,  equipment  must  be 
ordered  well  in  advance.  War  can  interrupt  deliveries.  After  the 
crop  is  planted  or  dry  weather  sets  in,  it  is  too  late. 

II.  Ask  your  teacher  of  agriculture  or  your  county  agent  to 
recommend  a  competent  irrigation  adviser.  He  may  be  a  local 
man,  a  representative  of  your  state  Agricultural  College,  a  Soil 
Conservation  Service  man,  or  other  experienced  person.  It  may 
be  wise  at  this  time  to  avoid  those  with  something  to  sell  you. 
Your  dealings  with  them  come  later.  Work  closely  with  your 
adviser. 

III.  Secure  a  good  one-foot  contour  map  for  surface  irriga- 
tion on  flatter  topography  or  one  with  less  detail  on  it  for 
sprinkling. 

IV.  Decide  what  fields  you  wish  to  put  into  ■^^-hat  crops  over 
the  next  fifteen  years  (the  probable  life  of  your  equipment), 
allowing  for  rotation  and  for  scheduled  balanced  farming.  This 
will  influence  your  irrigation  planning,  especially  your  leveling 
for  surface  irrigation  and  the  capacity  of  your  v/atei'  supply  and 
distribution  system. 

V.  Try  to  plan  a  diversification  and  scheduling  of  crops  so 
that  your  entire  irrigated  acreage  will  not  usually  need  water 
badly  at  the  same  time.  Your  water  supply  then  will  irrigate  more 
acres,  or  irrigate  for  shorter  hours  daily,  or  assure  a  more  ade- 
quate supply  of  water  in  very  dry  weather. 
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VI.  Select  your  water  supply  and  method  of  getting  the 
water  from  the  source  to  the  fields  (see  Chapter  III  and 
Appendix  F) . 

It  may  be  desirable  to  install  a  pump  and  pipes  large  enough 
for  future  expansion  and  for  altered  plans.  The  majority  of 
farmers  expand  their  irrigated  acreage. 

If  you  are  to  use  electricity,  contact  your  electric  power  com- 
pany regarding  your  power  line  and  your  pumping  power  rate. 

If  a  well  is  needed,  a  reliable  local  well  driller  must  be 
selected  and  consulted  as  briefly  mentioned  on  page  38.  In  a 
few  cases  the  state  geologist  should  be  consulted,  perhaps  by 
letter.  Assure  yourself  that  your  right  to  the  water  will  not  be 
successfully  contested. 

VII.  Decide  whether  your  labor  will  irrigate  on  a  full-time 
or  an  odd- job  basis  and  how  you  will  schedule  their  time.  This 
will  vitally  affect  the  design  of  your  irrigation  system. 

VIII.  Decide  whether  you  will  use  surface  irrigation  or 
sprinkling.  If  the  latter,  invite  complete  proposals  from  dealers 
for  the  entire  pump  and  sprinkler  system  in  place.  Make  the 
dealer  completely  responsible  for  the  whole  installation  and  its 
operation  according  to  the  specifications  on  pages  84  through  87. 
The  dealers  nearer  you  are  often  preferable  since  service  and 
repairs  will  be  more  quickly  available. 

IX.  If  surface  irrigation  is  preferred,  then  a  layout  of  ditches 
and  leveling  must  be  made  for  you  by  a  competent  irrigation 
adviser  as  described  in  Chapter  V  and  Appendixes  E  and  F. 

X.  Remember  that  crops  and  strains  other  than  the  usual 
ones  may  be  better  adapted  to  irrigation.  Consult  your  crop 
adviser  as  to  the  crop,  the  strain,  the  expected  yield,  the  plant 
population,  fertilization,  etc. 

XI.  Get  everything  planned  and  all  necessary  construction 
and  leveling  done  before  the  crops  are  planted. 

XII.  Irrigate  as  suggested  by  your  adviser,  keeping  in  touch 
with  the  local  station  of  the  Weather  Bureau. 

XIII.  Cooperate  with  j^our  agricultural  college  on  a  few  test 
plots. 

XIV.  Discuss  your  results  with  your  adviser  and  plan  to 
improve  the  operation  next  year.  Growing  conditions  are  now 
largely  under  your  control. 
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APPENDIX  B 

GLOSSARY 
Units  of  Measurement 

A  gallon  of  water  contains  231  cubic  inches  and  weighs 
8.35  pounds. 

A  cubic  foot  of  water  contains  7.48  gallons  and  weighs  62.5 
pounds. 

An  acre-foot  of  water  is  the  amount  necessary  to  form  a 
layer  of  water  one  foot  deep  over  one  acre.  It  is  equal  to  43,560 
cubic  feet,  or  326,000  gallons. 

An  acre-inch  equals  1/12  of  an  acre-foot.  It  is  equal  to  3630 
cubic  feet,  or  27,154  gallons. 

One  pound  of  pressure  is  created  by  a  column  of  water  2.3 
feet  high.  As  an  example,  if  the  pressure  gauge  on  a  pump  reads 
10  pounds,  then  the  pump  is  working  against  friction  and  lifting 
equivalent  to  a  straight  vertical  lift  of  23  feet  of  water. 
Flows  of  Water 

One  cubic  foot  per  second  equals  450  gallons  per  minute  or 
0.646  million  gallons  per  24  hours. 

One  cubic  foot  per  second,  or  450  gallons  per  minute,  will 
furnish  one  acre-inch  per  hour;  that  is,  it  will  cover  one  acre  to  a 
depth  of  one  inch  in  one  hour. 
Pump  and  Electric  Motor  Calculations 

Theoretical  Water  Horse- 

r      ri                               Gals,  per  Minute  X  Pressure  at  Pump  in  Ft. 
power  of  a  Pump  = ^^ 

Theoretical  Horsepower 


Actual  Horsepower  Applied,  to  Pump=r-. 


Pump   Efficiency 


j^-j  ,,    J  , Gallons  per  Minute  X  Pressure  at  Pump  in  Feet 

Kilowatt  input—  5308  X  Pump  Efficiency  X  Motor  Efficiency        ' 

One  acre-inch  of  water  lifted  one  foot  requires  approximately 
one-sixth  kilowatt  hours  of  electrical  energy.  An  average  pump 
and  motor  efficiency  of  50  per  cent  is  assumed. 
One  horsepower^! 46  watts. 
One  kilowatt=one  and  one-third  horsepower. 
One  kilowatt^lOOO  watts. 

Single-stage  centrifugal  pumps  under  ordinary  conditions  vary  in 
efficiency  from  50  to  80  per  cent.  These  figures  should  be  ex- 
pressed as  decimals  from  0.50  to  0.80  when  they  are  used  in  the 
foregoing  formulas.  For  belt-driven  pumps,  add  5  to  10  per  cent 
to  the  actual  power  requirements  to  provide  for  belt  slippage. 
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APPENDIX  C 

PUMPING 

A  few  of  the  general  ideas  about  pumping  are  discussed  in 
Chapter  III. 

The  usual  type  of  pumps  and  wells  are  shown  on  Figs.  2,  3, 
4,  22,  and  26;  with  the  methods  of  computing  the  total  head  or 
lift  against  which  the  pump  must  operate  explained  on  Fig.  2. 
The  manner  in  which  this  head  affects  the  pump  capacity  is 
shown  on  Fig.  26. 

Example  of  a  Portable  Pumping  Installation 

Pumps  are  available  from  so  many  manufacturers,  in  so 
great  a  variety,  and  to  fit  so  many  different  irrigation  r-equire- 
ments  as  to  preclude  describing  them  here. 

A  typical  example  is  shown  in  Fig.  26.  On  this  figure  are 
included  the  irrigation  and  pumping  details  of  a  rugged  gasoline 
pumping  unit  and  an  inexpensive  pipe  and  high-pressure  sprin- 
kler distribution  system  serving  25  acres,  although  it  has 
capacity  for  a  much  larger  acreage.  It  is  completely  portable. 

Figure  26  shows  only  one  of  the  seven  portable  self-priming 
pumps  listed  in  the  1953  catalog  of  this  single  manufacturer  for 
irrigating  by  sprinkler  or  surface  methods.  These  seven  range  in 
capacity  from  100  g.p.m.  (gallons  per  minute)  against  a  320-foot 
head  (or  lift)  to  4000  g.p.m.  against  a  46-foot  head.  Of  course 
a  wide  range  of  choices  to  meet  any  requirements  is  available 
from  other  manufacturers  as  well. 

It  will  be  recalled  that  450  g.p.m.  is  equal  to  one  cubic  foot 
per  second  and  that  this  will  cover  an  acre  with  an  inch  of  watei' 
in  one  hour. 

Cost  of  Pumping 

Figure  27  shows  the  amount  of  fuel  or  the  cost  of  electricity 
for  pumping  water  to  various  heights  sufficient  to  cover  an  acre 
to  a  depth  of  one  inch,  or  what  is  known  as  an  acre-inch  of  water. 
One  acre-inch  equals  3630  cubic  feet  or  27,154  gallons.  It  should 
be  noted  that  power  costs  per  acre-inch  may  be  prohibitive  for 
high  lifts  or  heads. 

A  modern  combined  electric  motor  and  a  3-  to  4-inch  centri- 
fugal pump  for  furnishing  one  cubic  foot  per  second  (450  gallons 
per  minute)   of  water  against  low  surface  irrigation  pumping 
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lifts  (including  the  vertical  lift,  drawdown,  and  all  friction 
losses)  will  cost  several  hundred  dollars,  excluding  Aviring,  in- 
stallation, and  housing. 

First  cost,  maintenance,  and  attendance  are  a  minimum  for 
the  newer  grease-lubricated,  ball-bearing,  built-in-electric-motor- 
type  pumping  unit ;  and  it  is  apt  to  be  the  most  reliable. 

A  gasoline  motor  and  pump  in  a  single  unit  such  as  Fig.  26 
will  require  about  the  same  total  cost  and  also  be  reliable,  and  a 
Diesel  unit  will  be  more  costly  although  it  will  be  more  economical 
in  fuel  consumption  and  repairs  if  used  for  heavy  pumping  over 
many  seasons.  The  Diesel  is  too  expensive  in  first  cost  for  limited 
pumping  and  competent  Diesel  mechanics  are  seldom  available. 
Where  a  tractor  is  available  and  the  pumping  is  limited,  pumps 
can  be  purchased  that  operate  from  the  power  take-off. 

When  pumping  is  used,  it  is  especially  desirable  to  diversify 
the  crops  so  that  the  demands  for  irrigation  will  occur  at  dif- 
ferent times.  This  permits  the  pumping  plant,  pipe,  and  equip- 
ment to  be  operated  over  more  days  and  minimizes  the  initial  cost 
per  acre  and  the  charge  for  interest,  depreciation,  taxes,  and  in- 
surance. 
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-.-1     i/X, 


Jaeger  Super-Pressure  Pump 

(for  4"  to  8"  Pipe) 

Model  5CPH  for  wide  coverage  with  high  pressure  nozzles  (saves  piping), 
or  for  use  where  long  supply  lines  or  steep  gradients  require  high  pressures 
at  the  pump.  Self-primes  in  few  seconds  by  engine  exhaust. 
Big  coverage  with  easily  moved  pipelines: 
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Fig.  26.    Jaeger  pump  serving  completely  portable  sprinkler  systems,  from 
their  catalog.  (Courtesy  of  The  Jaeger  Machine  Co.,  Columbus,  Ohio.) 
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Big  coverage  with  easily  moved  pipe- 


Miller  Farms,  at  Williams+own,  New  York, 
uses  1300  ft.  of  6"  main  line  with  fwo  6"  lat- 
erals each  of  which  is  260  ft.  long  and  car- 
ries two  sprinklers  with  I"  main  tips,  spaced 
140  to  200  ft.  apart  depending  on  width  of 
fields  served.  While  one  lateral  is  working, 
the  other  is  being  moved  to  next  setting — 
300  to  340  ft.  back,  depending  on  wind  con- 
ditions. Model  5CPH  pump,  operating  at  I  10 
to  120  lbs.  pressure,  maintains  90  to  100  lbs. 
pressure  at  nozzles,  each  of  which  waters  a 
350  to  360  ft.  circle.  The  area  thus  covered 
receives  an  average  of  1.2  inches  of  water  in 
2  hours.  The  volume  from  each  sprinkler  can 
be  regulated  to  apply  uniform  coverage. 
Complete  cycle  for  the  750x1460  ft.  field 
shown  is  27  hours  (three  9-hour  days).  This 
includes  picking  up  and  bringing  in  main 
line  from  another  field  and  making  5  settings 
of  the  laterals.  Fields  up  to  900x1500  ft. 
can  be  irrigated  with  5  such  settings.  On 
narrower  fields  one  sprinkler  on  each  lateral 
and  one  I'/j"  nozzle  sprinkler  on  the  main 
line  are  used  to  cover  entire  width  of  field 
at  one  time.  System  easily  handles  50  acres 
a  week.  See  explanatory  diagram  at  left. 


A:   175'  @  90PSI  or  180'  @  100  PSI 


System    consists    of: 
Model  5CPH    Pump 
1300'  of  b"   Main  Line 
520'  of  6"  Laterals 
(260'   each) 


Fig.  26  (Continued). 


45°    Elbow    (4") 

90'=    Elbow    (6") 

4  Giant  Sprinklers  with 

I"  X  7/14"  X  5/32" 

Nozzles 

10  End  Caps 
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70%65%60%55'y. 


Fig.  27.    Pumping  costs.   (Courtesy,  U.  S.  Farm  Security  Administration.) 
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a  power  requirement  chart  for  pumping 

By  means  of  this  chart  it  is  possible  to  determine  power  requirements, 
fuel  consumption,  and  electrical  energy  costs  at  various  pumping  plant  effi- 
ciencies and  at  various  lifts. 

At  "A"  at  the  upper  left  is  the  scale  of  lifts  from  0  to  80  feet.  The  lift 
must  include  not  only  static  head  but  friction  and  velocity  heads  as  well. 

At  "b",  upper  center,  overall  plant  efficiencies  are  represented.  Over- 
all efficiencies  of  small,  irrigation  pumping  plants  run  from  40%  to  60%, 

On  the  line  X-X  '  is  shown  horse  power  values  when  pumping  1000  gal- 
lons per  minute. 

In  the  center  of  the  chart,  at  "C" ,  the  fuel  consumption  of  various  types 
of  engines  is  represented. 

The  approximate  number  of  horse  power  hours  developed  per  gallon 
of  fuel  for  various  types  of  engines  is  given  below: 

Horse  Power  Hours 
Type  of  Engine  Per  Gallon  of  Fuel 

Gasoline  engines  in  poor  repair  6  to  7 

Gasoline  engines  in  good  repair  8  to  9-1/2 

Engines  using  fuel,  oil,  semi-Diesel,  etc.         9  to  11 
High  speed  Diesel  11  to  14.5 

At  the  lower  part  of  the  chart  "E"  is  given  the  power  cost  in  cents  per 
acre-inch  of  water  pumped  at  various  rates  in  cents  per  kilowatt  hour. 

The  line  Y-Y'  at  the  bottom  of  the  chart  represents  the  power  required 
in  kilowatts,  when  pumping  1000  gallons  per  minute. 

Use  of  the  Chart 

The  use  of  the  chart  is  shown  by  the  following  example: 
The  lift  of  a  given  irrigation  pump  is  45  feet;  the  overall  efficiency  of  the  plant 
is  estimated  at  50%.  What  will  be  the  horse  power  required  to  pump  1000  gal- 
lons per  minute?  How  many  gallons  of  fuel  will  be  required  to  pump  an  acre- 
inch  of  water,  using  fuel  oil  in  an  engine  other  thanDiesel?  What  would  be  the 
cost  in  cents  per  acre-inch,  using  electricity  at  2^  per  kilowatt? 

Starting  at  the  upper  left  hand  margin  locate  the  Lift,  45  feet  at  point  "A". 
Follow  to  the  right  until  the  50%  efficiency  line  is  intersected  at  point  "B". 

From  the  point  "B"  follow  downward  until  the  line  X-X'  is  intersected. 
It  will  be  noted  that  23  horse  power  is  required  to  pump  1000  gallons  per  minute. 
Continue  downward  until  the  line  representing  10  horse  power  hours  per  gallon 
is  intersected  at  "C".  From  the  point  "C"  follow  to  the  left  to  the  point  "D" 
which  shows  that  1.0  gallon  of  fuel  will  be  required  to  pump  an  acre -inch  of 
water. 

If  the  cost  in  cents  per  acre-inch  is  required,  with  electrical  energy 
costing  2^  per  kilowatt  hour,  follow  downward  from  point  "C"  to  point  "E" 
on  the  diagonal  line  showing  2^  cost.  From  point  "e"  follow  to  the  left  to  point 
"F"  which  shows  the  cost  of  pumping  one  acre-inch  of  water  under  the  given 
conditions  to  be  15  cents. 

If  the  electrical  load  is  required,  follow  downward  from  "E"  to  point 
"G"  which  shows  a  value  of  17+. 

If  lifts  other  than  those  shown  are  to  be  used,  certain  allowances  must 
be  made.  If  values  for  a  100  foot  lift  are  desired,  those  given  for  a  50  foot 
lift  may  be  doubled,  etc. 

Fig.  27  (Continued). 
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APPENDIX  D 

SPRINKLER  SYSTEMS 

This  appendix  will  give  the  irrigator  an  idea  of  how  a  system 
is  designed  but  the  actual  design  should  be  left  to  a  local  expert 
who  should  operate  under  the  specifications  of  pages  84  through 
87  if  the  irrigator  expects  a  sure  and  guaranteed  installation.  It 
usually  is  very  unsatisfactory  for  the  irrigator  himself  to  install 
the  sprinkling  system  piecemeal. 

The  following  material  is  quoted  from  Reference  28,  Irriga- 
tion Adviser's  Guide  of  the  U.  S.  Bureau  of  Reclamation  and  was 
prepared  for  western  irrigation  conditions.  However,  it  is  im- 
partial and  authoritative  and  can  be  interpreted  as  necessary 
for  eastern  conditions.  The  reader  is  referred  also  to  Chapter  VI. 
Types  of  Systems 

Sprinkler  systems  are  designated  as  stationary,  semi-portable, 
and  portable.  Both  revolving  sprinkler  and  straight-line  pipe  systems 
may  be  either  high  pressure  (30  pounds  per  square  inch  or  more)  or 
loiv  pressure  (20  pounds  per  square  inch  or  less).  Two  general  types 
of  sprinkling  devices  are  in  use.  In  one,  water  is  applied  to  the  soil 
by  means  of  perforated  pipe.  This  pipe  comes  in  sections  10  to  20  feet 
•  in  length  with  quick  couplings  designed  to  make  coupling  or  un- 
coupling easy  and  rapid  and  to  be  practically  watertight  at  the  pres- 
sure used.  In  a  popular  make  the  perforations  are  arranged  in  five 
lines  lengthwise  of  the  pipe.  One  line  of  holes  spaced  2  or  3  feet  apart 
runs  along  the  center  line  at  the  top,  and  two  parallel  lines  run  at 
different  distances  from  the  top  along  the  upper  half  of  the  pipe  on 
each  side.  The  pipe  may  be  obtained  in  three  styles  which  apply  water 
at  rates  of  1  to  2  inches  per  hour.  This  type  of  sprinkler  requires 
pressures  from  about  8  to  20  pounds  per  square  inch,  and  will  cover 
a  strip  25  to  50  feet  wdde  at  each  setting.  The  high  rate  of  application 
of  perforated  pipe  limits  its  use  to  soils  with  equally  high  infiltration 
capacities.  The  low  pressure  required  and  relatively  low  first  cost  are 
advantages  of  this  system.  Another  make  uses  smaller  pipe  equipped 
with  fixed  nozzles  spaced  about  three  feet  apart  in  a  single  line.  This 
pipe  is  supported  above  the  ground  and  must  be  oscillated  either 
mechanically  or  manually.  The  lines  are  generally  permanently 
located  about  50  feet  apart  and  operate  at  pressures  of  about  50 
pounds  per  square  inch. 

In  the  second  general  type,  the  water  is  distributed  by  rotating 
sprinkler  heads.  These  heads  are  mounted  by  means  of  riser  pipes  on 
light-weight,  quick-coupling  pipe.  This  pipe  usually  comes  in  20-foot 
or  40-foot  lengths.  Risers  may  be  less  than  2  feet  high  for  use  on 
low-growing  crops  or  to  keep  the  water  under  the  trees  in  an  orchard, 
or  as  much  as  30  feet  high  to  throw  the  spray  over  the  top  of  the 
trees.  Risers  and  sprinkler  heads  are  generally  attached  at  intervals 
of  20  or  40  feet.  These  sprinklers  operate  on  pressures  from  as  low 
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as  15  to  over  100  pounds  per  square  inch.  Sprinklers  operating  at  the 
lower  pressures  and  which  throw  the  water  out  at  a  low  angle  to 
stay  below  most  of  the  branches  are  sometimes  used  in  orchards. 
Rotating  sprinklers  at  the  usual  spacings  will  apply  water  at  rates 
of  from  two-tenths  to  3  inches  per  hour.  Both  galvanized  steel  and 
aluminum  pipe  are  used  for  the  portable  lines,  but  the  latter  is  more 
popular  because  of  its  light  weight.  There  are  many  types  of  satis- 
factory quick-action  couplings. 

Generally  a  portable  system  is  one  in  which  the  pump  and  lateral 
line  are  moved  together;  a  semiportable  system  has  a  fixed  pump  and 
main  line;  a  permanent  system  has  pump,  main  and  lateral  lines  in  a 
fixed  location.  However,  there  are  many  combinations  possible  wherein 
an  individual  system  may  depart  from  this  classification.  In  the  semi- 
portable  system  a  main  line  fitted  with  outlets  at  appropriate  spac- 
ings, usually  40,  60,  120,  or  180  feet,  is  used.  These  outlets  are  fitted 
with  self-closing  valves.  The  portable  lateral  line  is  attached  to  the 
outlet  by  an  elbow  which  is  provided  with  a  means  of  opening  the 
valves.  The  main  line  may  itself  be  either  a  quick-coupling  line 
intended  to  be  moved  from  time  to  time,  or  a  permanent  line  which 
is  often  buried.  When  buried  lines  are  used,  provision  should  be  made 
for  draining  to  avoid  freezing  damage  and  to  flush  out  silt  and  debris. 
Lines  of  permanent  systems  are  usually  buried.  Where  large  sprinkler 
heads  are  used  a  valve  is  provided  at  each  outlet  and  the  heads  moved 
from  one  outlet  to  the  next.  The  high  cost  of  this  type  of  system  often 
precludes  its  installation. 

In  operation,  one  or  more  portable  sprinkler  laterals  are  attached 
to  the  pump  or  to  outlets  in  the  main  pipe  line  and  laid  out  near  one 
edge  of  the  tract  to  be  irrigated.  After  the  strip,  usually  40  or  60  feet 
wide,  has  been  suff'iciently  wetted,  the  line  is  disconnected,  moved 
over,  and  set  up  in  the  center  of  a  new  strip.  One  man  can  pick  up 
a  40-foot  section  of  the  smaller  sizes  of  aluminum  pipe  at  the  center, 
unlock  it,  carry  it  to  the  new  position  and  lock  it,  all  without  going 
to  the  coupling.  For  intermediate  sizes,  one  man  can  handle  a  20-foot 
length  in  the  same  way.  With  the  large  sizes  two  men  are  required 
for  20-foot  lengths.  Sometimes  it  is  feasible  for  three  men  to  handle 
two  20-foot  sections,  or  four  men,  3  sections.  The  period  of  sprinkling 
may  run  from  1  to  24  hours,  although  the  most  common  periods  are 
2  to  3  hours  or  11  to  12  hours.  In  order  to  fit  into  the  farm  labor 
schedule,  sprinkler  systems  are  usually  set  up  as  job  or  chore  types. 
With  the  first  type,  irrigation  is  a  full-time  job  and  each  sprinkler 
line  is  moved  every  2  or  3  hours,  while  with  the  second,  the  lines  are 
moved  as  a  chore  once,  twice,  or  occasionally  three  times  in  24  hours. 

To  minimize  the  labor  required  in  moving  portable  laterals,  large 
sprinklers  have  been  developed.  These  sprinkler  heads  have  one  to 
three  nozzles,  require  pressures  of  around  100  pounds  per  square  inch, 
discharge  from  200  to  600  gallons  per  minute,  and  may  cover  an  acre 
or  more  at  a  single  setting.  They  are  usually  installed  on  risers 
attached  to  permanent  pipe  lines. 

Tho  wheel-move  system,  among  many  others,  has  also  been  de- 
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veloped  as  a  labor  saving  device.  Light  and  sturdy  wheels  are  placed 
at  30  or  40-foot  intervals  on  the  lateral  lines  using  the  pipe  as  an 
axle.  At  moving  time  the  line  is  disconnected,  automatically  drained, 
and  rolled  to  a  new  location.  This  new  development  has  not  been 
proven  under  all  conditions  but  has  shown  promise  in  many  instances. 

Design  of  Sprinkler  Irrigation  System.  One  of  the  prerequisites 
to  a  good  system  design  is  a  map  of  the  area  to  be  served.  This  map, 
of  any  convenient  scale,  should  show  the  farm  unit  boundaries,  farm 
delivery  point  or  source  of  water  and  the  necessary  elevations  of  the 
farm  unit  area.  This  map  may  be  used  to  show  the  final  layout  of  the 
system  when  the  design  has  been  completed.  Many  times  soil  and 
topographic  maps  of  the  area  are  available  and  may  be  referred  to 
for  valuable  information. 

Of  the  several  factors  which  must  be  given  careful  consideration 
in  the  design  of  a  sprinkler  system  usually  one  or  more  are  fixed  by 
existing  conditions,  and  the  others  must  be  adjusted  to  fit  into  these 
fixed  requirements.  The  following  discussion  is  confined  to  the  design 
of  portable,  revolving  head  sprinkler  systems.  This  procedure  is 
illustrated  by  the  design  of  a  system  for  the  irregular  shaped  farm 
unit  shown  in  Fig.  28. 

Depth  and  Frequency  of  Application.  The  depth  of  water  which 
will  be  needed  to  replace  soil  moisture  at  each  irrigation  and  the 
frequency  of  application  to  be  expected  have  been  covered  in  Chapter 
VII. 

When  the  area  to  be  served  by  the  sprinkler  system  is  composed 
of  two  or  more  soil  classes  having  significantly  different  values  for 
moisture  replacement,  consideration  should  be  given  to  the  sub- 
division of  the  area  on  the  basis  of  the  amount  of  water  to  apply  at 
each  irrigation.  When  it  is  not  possible  to  divide  the  field  as  to  soils, 
the  soil  having  the  greatest  water  requirement  will  be  the  criteria  of 
the  design. 

To  determine  the  gross  amount  of  water  required  for  each  irri- 
gation, the  efficiency  of  water  application  of  the  system  should  be 
considered.  Field  Irrigation  Efficiency  is  defined  as  the  percentage  of 
the  water  delivered  to  the  field  that  becomes  available  to  the  crops 
as  soil  moisture.  Until  more  definite  data  are  secured  for  specific 
areas,  the  following  irrigation  efficiencies  for  sprinklers  should  be 
used:* 

(a)  Use  70  per  cent  as  a  base  figure  for  moderate  climatic  zones. 

(b)  Increase  this  to  80  per  cent  in  coastal  or  fog  belt  areas. 

(c)  Decrease  the  base  figure  to  60  per  cent  for  hot,  dry  climates. 

(d)  Decrease  the  base  efficiency  for  (a),  (b),  or  (c)  above,  for 
areas  having  more  than  5  miles  per  hour  average  wind  movement 
during  peak  use  periods.  Subtract  5  per  cent  for  each  additional  5 
miles  per  hour. 

(e)  Decrease  the  base  efficiency  for  operation  on  slopes  over 
12  per  cent,  5  per  cent  for  every  5  per  cent  increase  in  slope. 


*Soil  Conservation  Service. 
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COLUMBIA  BASIN  PROJECT- WASHINGTON 

DESIGN  OF  SEMI-PORTABLE 
ROTARY  SPRINKLER  SYSTEM 
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Field  Boundory 
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As  pipe  IS  dropped  from 
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Pump  locations 
f  Steel  Pipe  is  used 


Fig.  28.    Semiportable  sprinkler  irrigation  system.  (Courtesy,  U.  S.  Bureau 
of  Reclamation,  Reference  28.) 

(f)  Decrease  the  base  efficiency  when  water  application  rates 
are  below  the  minimum  rates  recommended  for  each  climatic  zone. 

The  required  frequency  of  application  of  irrigation  water  is 
governed  by  the  quantity  of  available  moisture  stored  in  the  root 
zone  during  an  irrigation  and  the  rate  at  which  that  water  is  tran- 
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spired  by  the  crop  and  evaporated  from  the  soil  surface.  It  is 
essential  that  the  system  be  designed  to  supply  the  required  moisture 
for  optimum  crop  growth  during  that  portion  of  the  season  when  the 
crop  is  transpiring  at  the  maximum  rate,  allowing  for  losses  in 
efficiency  of  water  application.  This  is  commonly  referred  to  as  the 
peak-use  rate.  Approximate  peak-use  rates  may  often  be  obtained 
locally  from  State  Experiment  Stations  and  Department  of  Agricul- 
ture research  agencies.  Where  these  values  cannot  be  obtained  locally, 
approximate  values  for  climatic  zones  in  the  Western  States  given  in 
Table  VII  may  be  used. 

TABLE  VII 

PEAK  MOISTURE  USE  FOR  COMMON  IRRIGATED 

CROPS  AND  OPTIMUM  YIELDS' 


Crop 

Cool  climate 

Moderate  climate 

Hot  climate 

In./day2 

G.p.m,/ 
ac.3 

In. /day 

G.p.m,/ 
ac. 

In. /day 

G.p.m./ 
ac. 

Alfalfa 

Pasture 

Grain 

0.15 
.12 
.15 
.10 
.12 

.15 

.20 

2.8 
2.3 
2.8 
1.9 
2.3 

2.8 

3.8 

0.20 
.16 
.20 
.12 
.15 

.20 

.25 

3.8 
3.0 
3.8 
2.3 

2.8 

3.8 
4.7 

0.25-0.30 

.20-   .25 

.22 

.14 

.20 

.25 

.30 

4.7-5.7 
3.8-4.7 
4.2 

Potatoes 

Beets    

2.6 

3.8 

Deciduous 

orchards 

Orchards  with 

cover 

4.7 
5.7 

'Soil   Conservation   Service. 
-Acre-inches  per  acre  per  day. 

^Continuous  flow  required  per  acre  at  100  per  cent  irrigatii 
by  estimated   irrigation  efficiency. 


efficiency.  Divide  this  value 


Often  other  factors,  such  as  harvesting  operations  are  involved 
which  make  it  necessary  to  cover  the  design  area  in  a  period  less 
than  irrigation  frequency  period. 

In  determining  the  irrigation  requirement  for  a  given  area,  a 
future  crop  pattern  must  be  assumed  or  predetermined.  The  crop 
which  will  be  used  in  general  farming  with  the  highest  water  use 
should  be  used  as  the  criterion  for  design.  Generally  speaking,  this 
crop  is  alfalfa  in  most  areas.  In  the  design  of  a  sprinkler  system,  it 
is  necessary  in  most  cases  to  assume  that  at  some  time  the  entire 
area  will  be  devoted  to  a  crop  which  is  a  heavy  user  of  water,  such 
as  alfalfa.  In  order  for  the  settler  to  utilize  the  system  to  the  best 
advantage,  he  should  be  alerted  to  laying  out  his  fields  and  cropping 
rotation  to  permit  good  lateral  management  practices.  For  instance 
when  the  soil  and  consumptive  use  of  the  crop  being  grown  require 
an  application  every  9  days,  the  system  should  be  designed  so  that 
the  laterals  can  cover  the  fields  in  a  7-day  period.  This  will  permit 
a  2-day  leeway  in  the  schedule  for  other  activities  and  an  oppor- 
tunity to  catch  up  if  the  irrigation  schedule  should  become  delayed. 

Capacity  of  System.  The  capacity  of  a  system  designed  for  a 
particular  area  may  be  determined  when  the  acreage  to  be  irrigated, 
the  total  amount  of  water  to  be  applied,  and  the  net  operating  time 
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allowed  to  apply  the  required  water  is  known.  The  capacity  of  the 
system  in  gallons  per  minute  can  be  computed  from  the  formula 
Q=453^^-^-  where:  Q  is  the  discharge  in  gallons  per  minute;  A  is  the 
area  to  be  served  in  acres;  d  is  the  gross  depth  of  water  application 
in  acre-inches  per  acre;  F  is  the  number  of  days  permitted  for  the 
operation;  and  H  is  the  average  number  of  hours  of  operation  per  day. 
Application  Rate.  The  rate  at  which  water  is  applied  to  the  soil 
is  governed  somewhat  by  pressure  but  largely  by  the  nozzle  size  and 
spacing  of  the  sprinkler  head.  This  application  rate  should  never  ex- 
ceed the  rate  at  which  the  water  is  absorbed  by  the  soil  during  an 
irrigation  period.  This  will  eliminate  runoff  and  the  ponding  of  water 
on  the  soil  surface.  In  order  to  determine  this  maximum  application 
rate,  it  is  necessary  to  have  some  information  on  the  infiltration 
capacity  of  the  soil.  Often  local  representatives  of  the  State  Experi- 
ment Stations,  Soil  Conservation  Service,  or. the  Bureau  of  Reclama- 
tion will  have  data  of  this  type  available.  In  the  absence  of  data  for 
the  specific  soil  to  be  irrigated,  the  following  rates  may  be  used: 

Infiltration  capacity, 
Soil  type:  inches  per  hour 

Sand 2 

Sandy  loam 1 

Loam   0.5 

Silt  and  clay  loam 0.2 

Where  there  is  assurance  that  a  good  ground  cover  can  be  estab- 
lished without  erosion,  the  maximum  application  rate  may  be  used. 
At  the  other  extreme,  exceedingly  low  application  rates  are  not 
satisfactory  for  efficient  irrigation  under  adverse  climatic  conditions. 

A  rate  of  application  will  be  selected  which  will  require  a  time  of 
setting  which  will  most  nearly  fit  the  farm  operation  schedule  on 
that  particular  farm.  For  the  average  farm,  using  the  chore-type 
system,  it  is  usually  desirable  to  have  a  time  of  setting  intervals, 
which  will  give  one,  two,  or  three  changes  per  day. 

Line  and  Lateral  Spacing.  The  present  tendency  with  rotary 
sprinklers  is  to  use  a  rectangular  pattern  and  to  provide  an  over- 
lap of  at  least  100  per  cent  in  one  direction.  The  maximum  spacing 
in  the  other  direction  should  not  exceed  70  per  cent  of  the  diameter 
covered  by  the  sprinkler.  In  the  Pacific  Northwest,  a  spacing  of  40 
feet  between  sprinklers  on  the  portable  line  and  60  feet  between 
settings  of  the  lines  is  almost  universal.  In  other  sections,  sprinklers 
are  often  spaced  20  feet  on  the  lines.  This  close  spacing  would  not  be 
necessary  on  the  basis  of  the  distribution  of  good  sprinklers  in  calm 
air,  but  has  been  found  desirable  in  actual  practice  in  windy  regions. 

Number  and  Size  of  Sprinklers.  The  rate  of  application  desired  will 
generally  determine  the  size  of  the  sprinklers.  The  number  of  sprin- 
klers necessary  may  be  determined  by  dividing  the  capacity  of  the 
system  (gallons  per  minute)  which  has  been  set  for  peak  season  needs, 
by  the  desired  rate  of  application  of  sprinklers  (g.  p.  m.).  The  number 
so  determined  provides  an  important  guide  in  the  arriving  at  the  re- 
quired layout  of  main  line  and  laterals  even  though  it  will  usually 
need  to  be  changed  to  fit  the  final  layout  selected. 
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Layout  of  Main   Line   and  Laterals In   determining   the 

location  of  the  pump,  the  location  and  length  of  the  main  line  must 
also  be  considered.  Considerable  latitude  of  judgment  may  be  exercised 
in  the  layout;  however,  in  order  to  have  an  efficient  layout,  there  are 
several  general  rules  which  should  be  followed  whenever  possible. 

The  main  line  should  be  laid  on  the  predominant  land  slopes. 
This  allows  the  laterals  to  be  laid  across  the  slope  or  as  nearly  on  the 
level  as  possible  to  minimize  pressure  variation.  Changes  in  pipe  size 
on  the  main  line  sometimes  may  be  made  for  pressure  control.  In 
general,  main  line  pipe  sizes  should  be  selected  on  the  basis  of  favor- 
able balance  between  amortized  cost  of  pipe  compared  with  annual 
power  costs.  A  number  of  shortcut  methods  have  been  developed  for 
determining  the  economic  size  of  pipe.  Essentially,  it  requires  a  com- 
parison of  the  difference  in  the  annual  cost  (interest  and  depreciation) 
of  two  different  sizes  of  pipe  being  considered  with  the  annual  cost  of 
energy  for  overcoming  the  excess  friction  in  the  smaller  pipe.  The 
latter  cost  is  a  function  of  the  friction,  the  rate  of  flow  through  the 
pipe,  the  number  of  hours  of  flow  per  year,  the  efficiency  of  the 
pumping  plant  and  the  cost  of  energy.  The  annual  cost  of  energy  can 
be  determined  by  the  use  of  the  power  cost  graph  shown  in  Fig.  29. 

Whenever  possible,  the  lateral  layout  should  facilitate  the  rotation 
of  multiple  laterals  to  avoid  long  hauls  of  laterals  back  to  the  starting 
position.  Where  laterals  are  laid  down-slope,  it  may  be  necessary  to 
depend  upon  manually  operated  valves  at  points  on  the  line  to  control 
pressures. 

The  size  of  the  laterals  is  determined  in  much  the  same  manner 
as  the  main  line  but  limiting  the  total  variation  in  pressure  along  the 
lateral  to  20  per  cent  or  less.  Table  VIII  may  be  used  to  determine 
the  proper  lateral  sizes. 

TABLE  VIII 
FACTORS  FOR  CALCULATING  FRICTION  IN  LATERALS* 


Flow-gallons 
per  minute 

Size  of  pipe 

2  inch 

3  inch 

4  inch 

5  inch 

6  inch 

40 

88 

256 

560 

1,029 

11 
31 
69 
127 
211 
324 
471 
655 
879 

2 
7 

16 

30 

49 

75 

110 

153 

206 

388 

653 

1,014 

60 

2 
5 
9 

16 

24 

36 

50 

67 

126 

212 

329 

480 

672 

962 

1,260 

1,618 

2,030 

80 

1 

100  

3 

120 

5 

140 

9 

160 

13 

180                

19 

200          

26 

250         

49 

300 

84 

350 

131 

400 

193 

450 

270 

500 

365 

550 

480 

600 

617 

650 

777 

♦Adapted  from  Irrigation  Equipment  Co. 
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PIPE     DIAMETER      IN     INCHES 
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POWER    COST    GRAPH 

Based  on  Hazen  and  Wiliionns  formula  V=I.3I8  CR°6'S°".     Where  R  = 
hydraulic  radius  in  feet,  S=  slope.  V=  velocity  in  feet  per  second. 
Computed  for  C  =  I20,  1000  feet  of  pipe  of  inside  diameter  shown, 
1000  hours  of  pumping,  100  percent  overall  efficiency,  one  cent 
per  kilowott-hour. 

ADAPTED     FROM     JOHNS-MANVILLE    BY    PERMISSION 


Fig.  29.    Power  cost  graph.    (Courtesy,  U.  S.  Bureau  of  Reclamation, 
Reference  28.) 


The  left-hand  column  of  this  table  shows  the  quantity  of  water 
entering  the  lateral.  In  the  body  of  the  table,  factors  are  given  for 
different  sizes  of  pipes  corresponding  to  the  quantities  in  the  left-hand 
column.  These  factors,  when  divided  by  the  number  of  gallons  per 
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minute  discharged  per  100  feet  of  lateral,  give  the  friction  loss  in 
head  throughout  the  length  of  the  lateral. 

The  layout  of  the  laterals  and  main  lines  for  an  area  must  provide 
for  the  simultaneous  operation  of  the  number  of  sprinklers  which, 
when  operating  at  the  discharge  requirement  to  meet  the  application 
rate,  will  utilize  the  required  system  capacity.  It  should  also  provide 
practical  lateral  lengths  and  sizes  in  which  pressure  variation  will  not 
exceed  20  per  cent.  The  number  of  settings  for  each  operating  lateral 
cannot  exceed  the  number  of  settings  per  day  times  the  maximum 
number  of  days  allowed  for  peak  use  irrigation  period.  After  the  lay- 
out of  the  main  lines  and  laterals  has  been  completed,  it  is  generally 
necessary  to  make  some  adjustment  in  one  or  more  of  the  other 
design  characteristics. 

Pump  and  Motor  Capacities.  It  is  very  important  that  the  proper 
pump  and  motor  be  selected  to  meet  all  operating  conditions.  In  order 
to  determine  the  power  requirement,  it  is  necessary  to  compute  the 
total  pumping  head.  This  is  found  by  adding  the  pressure  losses  in  the 
system  and  the  pressure  requirement  at  the  most  distant  sprinkler, 
taking  into  consideration  any  effective  difference  in  ground  elevation. 
With  the  total  pumping  head  known,  the  power  required  is  computed 
by  the  following  formula: 

HP=    ^  '^ — •  Where  IIP  is  the  horsepower  required,  H  is  the  total 

3,960  E 

pumping  head  in  feet,  Q  is  the  discharge  in  gallons  per  minute,  and  E 
is  the  over-all  efficiency  expressed  as  a  decimal  fraction.  A  pump  and 
motor  to  meet  these  requirements  may  be  selected  from  pump  catalogs. 

After  the  complete  system  has  been  designed,  a  map  showing  the 
entire  layout  should  be  prepared.  This  layout  may  often  be  placed 
on  the  map  prepared  prior  to  the  design  of  the  system.  The  sprinkler 
operator  should  also  be  informed  of  the  entire  design  plan  and  operat- 
ing principles  in  order  that  he  may  obtain  the  designed  performance 
from  the   system 

Weed  Screen  and  Desilting  Basin  Requirements.*  Most  projects 
are  exposed  to  some  soil  erosion  by  wind  or  water.  This  is  particularly 
true  when  projects  are  being  settled.  Consequently,  considerable  sand 
and  soil  drifts  into  canals  and  laterals.  This  in  turn,  is  frequently 
conveyed  by  the  water  to  the  farm  unit.  Sand  and  silt  have  an  adverse 
effect  on  sprinkler  equipment.  It  results  in  undue  wear  of  the  impeller 
blades  of  pumps  and  the  eroding  of  pipe  and  sprinkler  heads.  In  ex- 
treme cases,  it  has  been  necessary  to  replace  sprinkler  heads  that  have 
been  in  operation  less  than  one  season.  In  some  instances,  silt  high  in 
colloid  materials  has  caused  sprinklers  to  stick.  This  freezes  them  in 
one  position.  Weeds,  seeds,  and  moss  are  also  conveyed  to  sprinkler 
systems  by  the  water  and  should  be  eliminated  before  they  pass  into 
sprinkler  lines.  It  is  considered  almost  imperative  for  successful 
sprinkler  operations  that  a  combination  weed  screen  and  desilting 
basin  be  constructed  between  the  ordinary  lateral  turnout  [or  surface 
water  supply]  and  the  pump  intake. 

Fig.    30    is   an   effective    combination   weed    screen    and   desilting 


'Author's   Note — Not  often   needed   in   eastern   supplemental   irrigation. 
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Fig.  30.    Desilting  basin  and  screen  for  sprinkler  system.  (Courtesy,  U. 
Bureau  of  Reclamation,  Reference  28.) 


basin.  It  has  been  used  successfully  on  a  number  of  projects.  This 
basin  is  designed  for  approximately  450  gallons  per  minute  and  should 
be  increased  in  size  in  accordance  with  the  capacity  of  the  sprinkler 
system.  In  some  instances,  sprinkler  users  have  diverted  the  water 
from  the  turnout  into  a  small  pond  excavated  for  use  as  a  desilting 
basin.  However,  weed  screens  should  be  provided  to  keep  trash  from 
entering  the  system.  Moss  is  one  of  the  most  difficult  things  to  elimi- 
nate from  the  screens  as  they  become  plugged  and  require  considerable 
attention  to  keep  them  functioning  properly.  Some  operators  connect  a 
%  inch  garden  hose  to  a  tap  installed  on  the  discharge  side  of  the 
pump.  The  hose  is  then  placed  under  the  screen  to  permit  the  water 
to  run  through  the  screen.  This  cleans  an  area  sufficient  in  size  to 
permit  flow  to  the  pump. 

Fig.  31  shows  a  jet  sand  pump  which  reduces  the  labor  of  remov- 
ing silt  and  sand  from  the  pump.  It  derives  water  pressure  from  the 
discharge  side  of  the  pump. 

Wind.  Wind  is  an  important  factor  in  determining  the  efficiency 
of  a  sprinkler  irrigation  system  as  the  distribution  pattern  is  greatly 
influenced  by  it.  Water  losses  occurring  between  the  sprinkler  and 
the  ground  surface  increase  as  the  wind  velocities  increase.  Water  loss, 
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Fig.  31.    Jet  pump  for  cleaning  desilting  basins.   (Courtesy,  U.  S.  Bureau 
of  Reclamation,  Reference  28.) 
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through  deep  percolation,  also  increases  as  the  wind  causes  irregular 
distribution  with  excess  water  at  some  points  and  deficiencies  at  others. 
The  uneven  distribution  can  be  corrected  somewhat  by  changing  the 
position  of  the  lateral  at  alternate  applications.  The  most  desirable 
method  to  use  on  the  conventional  60-  by  40-foot  spacing  is  to  employ 
a  30-foot  section  of  pipe  with  a  90°  elbow  and  locate  the  lateral  on 
a  30-foot  offset  from  the  previous  set.  The  30-foot  location  immedi- 
ately between  the  lateral  valves  is  the  best  location  to  correct  the 
condition.  Whenever  the  unit  boundaries  make  it  economically  possible, 
the  system  should  be  laid  out  to  permit  the  laterals  to  be  placed  at 
right  angles  to  the  prevailing  wind.  This  practice  aids  in  compensating 
for  wind  influences  on  the  pattern  but  is  not  nearly  sufficient  to  fully 
compensate  for  the  poor  distribution  resulting  from  the  wind. 

Design  of  Semiportable  Sprinkler  System.  The  irregular  farm 
unit  containing  57  acres  of  land  shown  in  Fig.  28  is  used  to  illustrate 
the  actual  design  of  a  sprinkler  system.  This  unit  receives  water  from 
a  turnout  located  at  the  high  point  of  the  farm  unit.  A  portable, 
revolving-type  sprinkler  operated  as  a  chore-type  system  will  be  used. 
The  soil  to  be  irrigated  is  predominantly  loamy  sand  to  a  depth  of 
approximately  2.5  feet,  underlain  by  sand.  .  .  .  The  available  moisture 
for  plant  growth  in  the  soil  of  this  texture  is  between  2  and  3  inches. 
The  capacity  is  assumed  to  be  2.5  inches  for  the  root  zone  of  medium 
depth.  Since  it  is  expected  that,  at  some  times,  the  entire  farm  will  be 
in  alfalfa,  the  system  will  be  designed  to  meet  the  peak  water  require- 
ment for  alfalfa,  which  is  estimated  at  about  0.28  inch  of  water  per 
day.  See  Table  VII.  In  this  case,  9  days  would  be  required  to  use 
the  available  moisture  from  the  effective  root  zone.  To  provide  a 
desirable  safety  factor,  a  frequency  of  7  days  will  be  used  instead  of 
the  calculated  9-day  frequency.  To  make  allowance  for  losses  incurred 
during  application  we  assume  a  field  efficiency  of  65  per  cent.  The 
total  requirement  for  each  irrigation  would  then  be  3.85  inches. 
Assuming  that  one  hour  out  of  each  twelve  is  allowed  for  moving 
the  lateral,  the  sprinklers  will  operate  11  hours  at  each  set  or  22 
hours  per  day.  The  capacity  of  the  system  determined  by  the  formula 

Q=453^^will  be  646  gallons  per  minute. 

The  rate  of  application  is  found  by  dividing  the  desired  depth  of 
application,  3.85,  by  the  duration  of  each  set,  11  hours.  The  result  is 
0.35  inch  per  hour.  This  rate  is  well  below  the  infiltration  capacity  for 
a  soil  of  this  type.  This  application  rate  may  be  converted  into  the 
discharge  of  sprinklers  by  the  formula  GPM-^  ^in  which  the  GPM  is 

96.3 

the  discharge  of  each  sprinkler  in  gallons  per  minute,  P  is  the  rate 
of  application,  A  is  the  area  in  square  feet  commanded  by  each 
sprinkler,  i.e.,  the  product  of  the  spacing  of  the  sprinklers  on  the 
laterals  by  the  distance  the  laterals  are  moved  each  time.  The  wind 


140  Irrigation  for  Eastern  United  States 

velocity  is  assumed  to  be  not  more  than  5  miles  per  hour  which  would 
permit  operating  the  60-foot  lateral  spacing  in  view  of  the  recom- 
mendation that  the  spacing  be  held  to  70  per  cent  of  the  wetted 
diameter. 

Since  the  40  by  60  sprinkler  and  lateral  spacing  are  used,  we  may 
substitute  and  obtain  a  sprinkler  discharge  of  8.72  gallons  per  minute. 
Sprinkler  manufacturer's  charts  recommend  that  nozzle  sizes  be 
3/16  by  1/8  inch  and  be  operated  at  approximately  37  pounds  pressure 
to  supply  the  I'equired  amount  of  water. 

Concrete  or  steel  pipe  may  be  used  to  convey  the  water  from  the 
turnout  to  the  pumping  plant  which  has  been  located  in  a  more  central 
location  than  the  turnout.  The  6  foot  drop  in  elevation  between  the 
turnout  and  the  pumping  plant  will  compensate  for  the  friction  loss 
in  a  10  inch  pipe  carrying  646  gallons  per  minute. 

Tentative  lateral  layouts  have  been  made  so  that  the  laterals  can 
best  serve  the  fields.  The  laterals  carry  a  sufficient  number  of 
sprinklers  to  conduct  the  irrigation  on  a  40-  by  60-foot  spacing. 
Seventy-five  sprinklers  will  be  required  when  all  laterals  are  being 
employed.  Each  irrigation  will  require  7  days,  operating  22  hours 
per  day,  totaling  154  hours.  Twelve  irrigations  will  be  needed  for  the 
season,  totaling  1,848  hours. 

A  main  line  pipe,  sufficient  in  size  to  carry  646  gallons  per 
minute,  will  be  required  for  a  distance  of  840  feet  to  the  north  end 
of  the  first  field.  From  this  point  on,  a  smaller  main  line  which  will 
carry  384  gallons  per  minute  may  be  used.  The  size  of  these  pipes  must 
then  be  fixed.  Using  the  power  cost  graph,  Fig.  29,  the  economical  size 
of  pipe  may  be  determined.  The  power  rates  for  the  area  average  1 
cent  per  kilowatt  hour.  The  overall  efficiency  of  pump  and  motor  is 
65  per  cent,  the  friction  coefficient  of  120  is  accepted,  and  the  seasonal 
pumping  has  been  computed  to  be  1,848  hours.  The  factor  for  convert- 
ing the  cost  taken  from  Fig.  29  to  the  conditions  of  the  designed 
problem  is  computed  as  follows: 

Factor=  ^'f^f  X  ';?^=2.84.  The  application  of  this  factor  to  the  power 

1,000         65 

cost  from  the  figure  gives  the  annual  power  cost  per  1,000  feet  of  pipe 
shown  in  Table  IX  below. 

Bituminous-coated  steel  pressure  pipe  has  a  life  expectancy  of 
30  years.  The  annual  depreciation  for  this  class  of  pipe  is  3.33  per 
cent.  The  interest  rate  is  assumed  at  5  per  cent.  The  combined 
depreciation  rate  is  8.33  per  cent.  Application  of  this  rate  to  the 
installed  costs  of  1,000  feet  of  pipe  of  different  sizes  will  give  the 
annual  fixed  cost  shown  in  the  following  Table  IX: 
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TABLE  IX 
ECONOMIC  SIZE  OF  MAINS 

No.  1  section  of  main  line — capacity  646  gallons  per  minute — length  840  feet. 


Annual  cost  per  1,000  feet  oj 

pipe 

Pipe  size 

Interest  and 
depreciation 

Seasonal 
power  cost 

Total  annual 
cost 

10 

$2,150x8.33=$179 
1,570x8.33=    131 
1,110x8.33=     92 

Uses 

$  3.80x2.84  =  $  11 
12.00x2.84=     34 
45.00x2.84=   128 
-inch  pipe 

$190 

8 

165 

6 

220 

No.  2  section  of  main  line — capacity  646-262=384  gallons  per  minute — length 
840  feet. 


6 
5 


$1,570  X  8.33=$131     $  2.50x2.84=  $  7 

1,110x8.33=     92       11.00x2.84=  31 

910x8.33=     76  1     27.00x2.84=  77 
Use  6-inch  pipe 


$138 
123 
153 


No.  3  section  of  main  line — capacity  384-260  =  124  gallons  per  minute — length 
780  feet 


710x8. 33=$59       $3x2.84=$  8 
510  X  8.33=   42    |     13x2.84=   37 
Use  4-inch  pipe 


$67 
79 


For  convenience  in  operation  the  five  laterals  used  on  the  unit  M'ill 
all  be  the  same  size.  The  desirable  diameter  of  the  lateral  is  determined 
through  the  use  of  Table  VIII.  The  entire  lateral  capacity  amounts  to 
128  gallons  per  minute.  Each  100-foot  section  supplies  21.3  gallons  per 
minute.  Interpolating  128  on  the  chart  indicates  the  factor  to  be  256 
for  a  3-inch  lateral.  When  divided  by  21.3,  the  outflow  per  100  feet,  a 
head  loss  in  the  lateral  of  12.0  feet  is  obtained.  A  pressure  of  37 
pounds  is  required  at  the  end  sprinkler.  The  pressure  variation  in  a 
single  lateral  should  not  vary  more  than  20  per  cent  in  order  that  the 
rate  of  application  or  discharge  of  sprinkler  will  not  vary  more  than 
10  per  cent.  The  head  loss  of  12  feet  or  5.2  pounds  is  within  the 
allowable  20  per  cent  so  3-inch  lateral  lines  are  recommended. 

The  friction  losses,  estimated  from  the  Williams  and  Hazen 
foiTnula  with  C  =  120,  and  the  pressures  in  the  system  are: 

Feet 

No.  1  section  of  main,  840  feet  8  inches 8.0 

No.  2  section  of  main,  840  feet  6  inches 11.8 

No.  3  section  of  main,  780  feet  4  inches 9.8 

Fittings  (Allow  10  per  cent  of  above) 3.0 

Laterals 12.0 

Risers ^ 1.0 

Pressure  at  most  distant  sprinkler 85.8 

ISIA 
Effective  ground  elevation  difference —  7.0 

Total  pumping  head 124.4 

124.4X646  _ 
3,960X0.70" 

A  30  horsepower  electric  motor  will  be  used. 
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APPENDIX  E 

SURFACE  LEVELING  SYSTEMS 

The  general  nature  of  leveling  land  for  surface  irrigation 
is  treated  in  Chapter  V.  Appendix  E  is  quoted  from  the  U.  S. 
Bureau  of  Reclamation's  Irrigation  Adviser's  Guide  (Reference 
28).  It  applies  more  directly  to  western  conditions  where  several 
times  more  irrigation  water  is  applied  than  in  the  East,  and 
consequently  more  leveling  is  justified.  However,  the  same  prin- 
ciples apply  in  the  East  but  to  a  slighter  degree. 

Correlation  of  Land  Leveling  and  Soils.  It  is  doubtful  that  much 
land  is  properly  developed  today  without  a  prior  land  classification. 
The  recent  classifications  are  usually  in  sufficient  detail  to  give  much 
information  relative  to  the  depth  and  character  of  the  soil  profile,  soil 
texture  and  structure,  and  the  salinity  or  alkalinity  of  the  surface  soil 
and  subsoil.  The  adviser  must  know  the  depth  and  quality  of  the  soil 
when  designing  a  leveling  plan  since  permanent  damage  can  be  done 
to  the  soil  by  making  excessive  cuts  in  shallow  or  hardpan  areas.  The 
allowable  limits  of  excavation  should  be  fixed  from  the  information 
contained  on  the  land  classification  map.  Damage  can  be  done  to  some 
soils  by  working  them  with  leveling  equipment  when  the  moisture 
content  approaches  the  field  capacity.  It  should  be  remembered  that 
if  the  ground  is  too  moist  for  farming  operations,  it  is  equally  so  for 
leveling  operations. 

Correlation  of  Land  Leveling  and  Irrigation  Methods,  The  term  wild 
flooding  is  used  to  designate  all  methods  by  which  water  is  spread  over 
the  surface  of  the  land  without  guiding  ridges.  Often,  on  stream 
bottoms  of  mountain  valleys,  the  streams  are  dammed  and  the  water 
is  forced  to  flow  out  over  the  adjoining  land.  This  method  is  not 
prevalent  on  Bureau  projects.  On  rough  or  steep  land  and  on  shallow 
soils,  irrigation  is  often  carried  on  by  wild  flooding  from  contour 
or  ridge  ditches.  Generally,  under  these  conditions,  land  leveling  is 
not  feasible.  Occasionally,  minor  high  and  low  areas  are  cut  or  filled 
to  correspond  to  the  surrounding  land.  Work  with  a  survey  instrument 
is  seldom  necessary  as  the  steep  slopes  neutralize  most  small  irregu- 
larities and  the  large  ones  are  easily  seen.  Land  being  irrigated  by 
this  method  should  be  floated  before  each  planting  to  remove  the 
irregularities  caused  by  small  rivulets  that  frequently  are  formed  by 
water  flowing  down  the  steep  slopes.  Often,  then  this  policy  is  not 
followed,  the  rivulets  cut  to  depths  that  impair  future  irrigation. 
Many  farmers  find  that  seeding  on  the  contour  is  not  only  a  good 
soil-saving  practice  but  also  an  aid  in  the  distribution  of  the  water. 
The  small  furrows  left  by  the  drill  tend  to  check  the  velocity  of  the 
water  and  spread  it  more  evenly  over  the  surface. 

Leveling  land  for  water  distribution  by  the  furrow  or  corrugation 
method  has  fewer  limitations  than  leveling  for  borders.  This  is  largely 
because  the  shallow  furrows  or  corrugations  guide  the  water  down  the 
slope.  Since  furrows  and  corrugations  will  do  this  on  land  with  con- 
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siderable  cross  slope,  more  tolerance  is  allowable  in  adjusting  the 
cross  gradient  to  fit  the  topography.  However,  when  laying  grades, 
one  should  never  permit  the  cross  slope  to  exceed  one-half  the  longi- 
tudinal slope,  except  in  extremely  favorable  soil  conditions  which  may 
permit  a  maximum  of  cross  slope  equal  to  the  longitudinal  slope. 
Spot  leveling  is  frequently  adaptable  to  this  method  of  irrigation. 

Less  leveling  is  required  for  the  basin  method  of  irrigation  than 
for  other  types.  The  procedure  for  general  leveling  should  be  followed. 
Basins  can  be  used  in  several  forms.  On  very  flat  land,  level  rectangu- 
lar basins  are  formed  on  each  side  of  feed  ditches  so  located  as  to 
take  advantage  of  any  fall  there  may  be.  On  land  with  slightly  more 
slope,  level  basins  may  be  built  with  the  ridges  following  contour  lines 
and  the  ditch  running  down  the  slope.  In  this  case,  the  basins  are 
generally  irregular  in  shape  and  on  tight  soils  may  be  rather  long 
and  have  a  slight  longitudinal  slope.  The  basin  method  merges  into 
the  border  method  at  this  point.  Considerable  departure  from  the 
longitudinal  grade  can  be  tolerated  where  the  basins  are  located 
approximately  along  the  contour.  Earth  can  be  moved  down  the  slope 
by  use  of  a  power  patrol,  blade  grader,  or  a  terracing  machine  to  form 
such  contour  basins.  The  feasibility  of  using  this  equipment  is 
determined  by  the  width  of  the  basin  desired.  A  windrow  of  earth,  cut 
from  the  high  side  of  the  basin,  can  be  moved  three  times  the  effective 
working  width  of  the  blade  before  the  cost  of  a  pick-up  scraper  is 
justified.  Long  strips  can  be  quickly  checked  into  basins  of  desired 
length  through  the  use  of  a  ridger.  Basins  are  sometimes  leveled 
separately.  The  leveling  of  individual  basins  can  best  be  done  by  the 
use  of  small  wheel  or  drag  scrapers. 

In  designing  for  border  irrigation,  it  is  desirable,  where  possible, 
to  run  the  borders  directly  down  the  slope.  Cross  and  longitudinal 
slopes,  soil  characteristics,  and  the  size  of  the  irrigation  stream 
available  determine  the  number  of  borders  to  be  used  in  preparing  a 
field  for  the  border  method  of  irrigation.  No  cross  slope  is  permissible 
in  the  finished  strip.  Cross  slopes  cause  water  to  accumulate  on  one 
side  of  the  strip,  resulting  in  a  poorly  irrigated  crop  and  increased 
cost  of  water  application.  The  longitudinal  slope,  which  is  the  slope 
in  the  direction  in  which  the  field  is  to  be  irrigated,  generally  should 
not  exceed  2  per  cent.  Under  certain  conditions  even  this  slope  is 
excessive.  Often,  when  slopes  exceed  0.3  foot  per  100  feet,  it  is  neces- 
sary to  use  corrugations  within  the  border,  especially  in  starting  new 
seedings.  A  uniform  longitudinal  slope  is  desirable  but  is  not  neces- 
sary. Departures  of  0.1  foot  from  grade  in  the  longitudinal  direction 
are  permissible  when  slopes  are  0.2  foot  per  100  feet  or  over.  Greater 
departures  are  allowable  on  more  sloping  ground. 

Where  possible,  it  is  advisable  to  create  a  flat  zone  adjacent  to 
the  head  ditch  and  extending  outward  20  to  30  feet.  This  will  spread 
the  water  across  the  upper  portion  of  the  border  which  in  turn  will 
aid  in  keeping  it  spread  for  the  remaining  length  of  the  run.  Where 
borders  are  to  be  made  on  steep  ground  it  is  desirable  to  locate  an 
additional  stake  line  on  the  edge  of  the  above-described  flat  zone.  This 
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will  aid  in  the  recognition  of  this  zone  at  the  time  grades  are  being 
considered. 

Frequently,  the  ridges  are  made  with  implements  that  borrow 
the  earth  from  strips  within  a  few  feet  on  each  side  of  the  ridge.  A 
small  depression  along  each  side  of  the  ridge  usually  results  when 
this  method  is  used.  It  is  desirable  to  move  earth  into  the  depression 
to  prevent  the  water  from  forming  a  stream  along  the  ridge.  Floating 
within  the  border  removes  small  irregularities  in  the  grade  and  also 
aids  in  eliminating  minor  cross  slopes  that  may  have  been  overlooked 
during  the  heavy  equipment  operations. 

The  installation  of  spriyikler  irrigation  may  be  economically  justi- 
fied by  the  fact  that  little  or  no  leveling  is  required  on  land  upon 
which  sprinklers  are  used.  The  ground  should  always  be  floated  before 
planting.  This  will  aid  in  eliminating  small  indentions  in  which  water 
may  collect.  It  is  seldom  necessary  to  enter  into  an  intensive  leveling 
program,  although  some  farmers  do  recommend  considerable  prepar- 
atory leveling. 

Topographic  Surveys.  On  land  with  slopes  of  over  5  per  cent, 
detailed  topographic  mapping  generally  is  not  justified. 

It  is  often  said  that  a  good  topographic  map  is  the  basis  of 
planning  an  eff^icient  irrigation  farm.  The  more  the  adviser  works 
with  the  farmer  and  encounters  problems  in  leveling  and  water  dis- 
tribution, the  more  he  becomes  conscious  of  the  truthfulness  of  this 
statement.  Frequently,  the  source  of  water  supply,  such  as  a  pump 
or  turnout,  has  been  improperly  located  because  no  adequate  topo- 
graphic map  was  available.  Land  has  been  leveled  and  large  quantities 
of  earth  moved  unnecessarily  because  a  topographic  survey  was 
thought  unnecessary.  Farm  distribution  systems  have  been  installed 
and  proved  faulty  for  the  same  reason.  Errors  of  this  nature  have 
resulted  in  additional  expense  which,  in  most  cases,  greatly  exceeded 
the  cost  of  a  survey. 

A  good  topographic  map  is  not  expensive.  Contract  prices  range 
from  75  cents  to  $1.25  per  acre.  The  cost  usually  depends  upon  the 
number  of  irregularities  occurring  in  the  area  to  be  mapped.  The 
refinement  of  topographic  mapping  is  expressed  in  contour  intervals. 
The  1-foot  interval  is  generally  accepted  as  most  practical  for  detailed 
design  of  distribution  systems  and  for  planning  land  leveling  on  the 
farnh-On  flat  lands,  a  6-inch  contour  interval  is  sometimes  desirable. 
The  elevation  of  enough  points  to  indicate  any  depressions,  knolls, 
abrupt  changes  in  slope,  or  saddles  that  may  exist  within  the  contour 
interval  should  be  shown  on  the  map.  Recorded  elevations  other  than 
on  the  contour  will  aid  in  interpolation  of  more  frequent  contours,  if 
desired.  The  contour  interval  selected  as  most  practical  for  detailed 
design  of  the  distribution  system  and  for  planning  land  leveling  on 
the  farm  varies  directly  with  the  regularity  of  topographic  features 
and  slope.  A  good  general  rule  to  follow  in  determining  the  contour 
interval  is  that  the  satisfactory  contour  interval  in  feet  is  equal  to 
the  predominant  grade  per  cent  in  the  area  to  be  surveyed. 

The  size  of  the  area  considered  often  influences  the  scale  to  be 
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used  in  preparing  the  topographic  map.  A  map  prepared  on  the  scale 
of  1  inch  equals  100  feet  is  desirable  for  farms  ranging  up  to  80  acres. 
The  scale  of  1  inch  equals  200  feet  is  preferable  for  areas  exceeding 
80  acres.  The  scale  of  1  inch  equals  400  feet  can  be  used  but  it  is  not 
as  satisfactory  for  design  work  as  the  scale  of  1  inch  equals  200  feet. 

Several  methods  can  be  used  in  making  a  topographic  map.  For 
large  areas,  the  plane  table  and  alidade  method  is  more  efficient  and 
the  finished  product  will  cost  as  little  as  one  made  by  any  other 
method.  Excellent  topographic  maps  can  be  made  by  using  the  phys- 
ical features  shown  on  aerial  photographs,  as  an  added  horizontal 
control.  This  is  best  done  by  placing  the  aerial  photograph  on  the 
plane  table  in  the  same  manner  as  the  regular  paper,  but  with  a 
transparent  overlay.  The  recording  of  the  topography  is  then  done 
in  the  conventional  manner.  Features  obtained  from  the  aerial  photo- 
graph give  added  detail  and  control  to  the  completed  map. 

The  size  of  the  crew  for  plane  table  mapping  may  vary  from  an 
instrumentman  and  a  rodman  to  an  instrumentman,  recorder,  and 
two  or  three  rodmen.  This,  again,  is  dependent  on  the  size  of  the 
area  to  be  mapped. 

Much  topographic  mapping  has  been  done  by  the  use  of  the 
transit.  The  transit  is  used  in  reading  the  level  rod  as  well  as  stadia 
distances  and  horizontal  and  vertical  angles,  all  of  which  are  recorded 
in  a  notebook  according  to  standard  methods.  This  process  usually 
requires  as  much  time  in  the  field  as  does  the  plane  table  survey.  Its 
chief  disadvantage  lies  in  the  fact  that  a  great  deal  of  time  is 
required  to  transpose  the  field  notes  into  a  topographic  map  suitable 
for  design  work.  Also,  the  draftsman  does  not  have  the  opportunity  to 
see  the  land  while  drawing  contours  or  to  check  doubtful  points.  A 
survey  crew  taking  transit  topography  may  vary  in  numbers  as  may 
the  plane  table  crew.  Details  of  the  methods  of  preparing  topographic 
maps  can  be  found  in  any  good  textbook  on  surveying. 

Leveling  Plan.  After  the  topographic  map  has  been  completed, 
the  leveling  plan  can  be  studied.  It  is  possible  that  the  detail  map  will 
bring  out  features  not  evident  when  the  general  farm  and  irrigation 
plans  were  made  and  that  minor  adjustments  in  these  plans  will  be 
necessary.  When  these  have  been  made,  it  will  be  possible  to  determine 
the  best  method  of  irrigating  each  field.  Wherever  the  land  is  suitable, 
it  is  believed  that  the  ultimate  objective  of  a  leveling  program  should 
be  a  border  or  flat  basin  system  for  close-growing  crops  and  furrows 
for  cultivated  crops. 

Farm  units  on  legal  subdivisions  or  rectangular  fields  often 
present  a  problem  in  choosing  the  direction  of  furrows  or  borders.  In 
order  to  avoid  point  rows  and  uneven  lengths  of  runs,  it  is  desirable 
to  make  the  direction  of  flow  parallel  to  one  or  the  other  side  of  the 
field.  Doing  so  may  involve  heavy  leveling  to  avoid  cross  slope  on 
borders,  and  this  fact  must  be  considered  in  determining  the  direction 
of  irrigation  and  fixing  the  leveling  plan.  All  of  the  land  suitable  for 
row  crops  probably  will  be  used  in  some  years  of  rotation  plan  for 
crops  that  are  irrigated  by  border  flooding  or  by  corrugations.  Fur- 
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rows  are  made  parallel  to  border  ridges  and  will  not  influence  the 
leveling  plan.  For  row  crops  such  as  corn  or  potatoes,  which  can  be 
irrigated  by  deep  furrows,  the  so-called  contour  method  of  irrigation 
may  be  used 

Where  borders  are  laid  out  in  a  direction  other  than  straight 
down  the  steepest  slope,  it  is  necessary  to  move  earth  from  the  high 
to  the  low  side  of  each  strip  and  to  fonn  steps  at  each  border.  The 
resulting  field  may  be  difficult  to  work  because  equipment  cannot 
cross  the  borders.  Also,  if  the  soil  is  shallow,  the  depth  of  cut  re- 
quired for  this  purpose  may  be  prohibitive.  Nevertheless,  on  the  slight 
slopes  where  borders  are  suitable,  it  is  usually  possible  to  make  them 
conform  to  property  or  field  boundaries. 

The  decision  as  to  methods  and  direction  of  irrigation  will  be 
greatly  influenced  by  the  quantity  and  cost  of  leveling  required,  as 
these  are  indicated  by  the  study  of  the  topographic  map.  The  topog- 
raphy will  reveal  areas  where  leveling  is  required,  the  direction  in 
which  the  earth  is  to  be  moved,  and  the  most  desirable  locations  for 
ditches.  Earth  quantities  can  also  be  determined  quite  accurately 
through  the  use  of  accurate  topography. 

Staking  for  Leveling.  Unless  leveling  is  required  on  only  a  few 
spots  scattered  over  the  field,  or  the  cross  slope  to  be  taken  out  of 
borders  is  so  great  as  to  preclude  the  plan,  the  entire  field  should  be 
staked  and  leveled  as  a  unit.  This  does  not  mean  that  the  field  should 
be  reduced  to  a  single  plane  surface  but  that  the  construction  of 
border  ridges  or  ditches  should  not  be  undertaken  until  the  over-all 
leveling  of  the  field  has  been  completed.  After  this  has  been  done,  the 
ditches  and  border  ridges  can  be  staked  and  constructed. 

Staking  the  field  for  leveling  can  be  started  after  clearing  has 
been  completed  and  the  leveling  plan  has  been  determined.  Examina- 
tion of  the  topographic  map  will  show  in  which  direction  earth  must 
be  moved  to  eff"ect  the  desired  results  with  the  least  labor  and  a 
balance  of  cutting  and  filling.  Staking  and  checking  will  be  somewhat 
more  readily  carried  out  if  the  movement  is  either  in  the  direction  of 
flow  or  at  right  angles  to  this  direction. 

The  following  discussion  on  laying  out  the  leveling  plan  applies 
to  an  analysis  of  the  particular  unit  illustrated  in  Fig.  32.  In  analyz- 
ing other  units  the  same  principles  will  apply  but  will  differ  in  details 
since  each  unit  is  an  individual  problem.  In  examining  the  topography 
of  this  unit,  it  is  apparent  that  the  fields  can  be  most  economically 
leveled  by  moving  the  earth  approximately  parallel  to  the  contours. 
The  balance  between  cut  and  fill  can  be  more  easily  accomplished  in 
this  manner.  The  profiles  should  be  located  in  the  direction  in  which 
earth  is  to  be  moved.  The  direction  of  the  irrigation  run  would  then 
be  at  right  angles  to  the  direction  in  which  the  profiles  are  located. 
The  irrigation  run  is  called  the  longitudinal  direction  of  the  field.  The 
first  step  in  staking  is  to  locate  the  boundaries  of  the  fields  to  be 
leveled.  These  are  usually  established  on  the  topographic  map.  A 
uniform  procedure  for  the  staking  of  profiles  and  recording  profile 
elevations  should  be  established.  A  desirable  method  is   the  use  of 
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Fig.  32.    Land  leveling  plan.   (Courtesy,  U.  S.  Bureau  of  Reclamation, 
Reference  28.) 
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letters  for  identifying  the  successive  stakes  in  a  longitudinal  line  and 
numbers  for  those  in  the  transverse  direction.  The  A  line  would  then 
be  at  the  upper  end  of  the  irrigation  run  and  the  0  (zero)  line  would 
be  at  the  extreme  left  side  of  the  field.  Where  extensive  leveling 
operations  have  been  conducted,  it  has  been  found  practical  to  place 
profile  lines  100  feet  apart.  Often  it  is  desirable  to  record  the  bearing 
of  one  line  in  each  field  on  the  topographic  map.  This  bearing  will  aid 
field  parties  in  establishing  the  lines  on  the  ground. 

Either  full-length  or  half-length  building  laths  make  ideal  stakes 
for  land  leveling.  Two  chainmen  and  an  instrumentman  usually  con- 
stitute a  well-balanced  crew  for  staking  profiles.  In  Fig.  32,  the 
coordinate  line  A  has  but  one  station,  this  being  A-14.  The  transit 
may  be  placed  over  this  point  and  a  longitudinal  base  line  started  at 
the  bearing  N.  34°50'  E.  as  fixed  in  study  of  the  map.  The  next  station 
would  be  100  feet  distant  and  identified  as  B-14,  the  following  C-14, 
etc.,  until  the  extreme  end  of  the  run  has  been  reached  just  beyond 
K-14.  Should  it  be  desired,  each  of  the  points  established  on  the 
longitudinal  line  could  be  used  as  a  transit  point  and  profiles  run  at 
right  angles  in  both  directions.  Work  often  can  be  expedited  by  estab- 
lishing two  transverse  and  two  longitudinal  lines  by  transit  and  then 
lining  in  the  other  stations  by  eye.  Stakes  should  be  placed  at  all 
stations  and  at  all  breaks  in  the  slope  occurring  in  the  surface  of 
the  ground  between  the  stations. 

In  all  cases  where  accurate  leveling  is  necessary  or  the  soil  is 
loose  and  easily  disturbed  a  small  stake  (1x1x8  inches)  called  a  hub 
should  be  driven  with  its  top  flush  with  the  ground  surface  at  each 
point.  The  lath  is  then  set  at  a  definite  and  uniform  distance  and 
direction  from  the  hub  as  an  aid  in  locating  the  latter.  The  lath  is 
used  also  for  markings  as  discussed  in  the  following  paragraph.  Rod 
readings  are  taken  on  the  hubs. 

The  method  of  picking  and  plotting  breaks  can  best  be  illustrated 
on  the  H  profile  line  of  Fig.  33.  The  profile  commences  at  station 
H-4  +  60.  A  depression  is  encountered  at  station  H-4  +  85  and  a 
stake  or  a  latli  is  driven  to  show  this  break.  The  next  point  is  at 
station  H-5.  Stakes  are  placed  at  each  100-foot  station  until  a  break 
is  encountered  at  H-7  +  20.  A  stake  is  placed  at  this  point  and  the 
work  is  continued  to  the  edge  of  the  field  at  H-16  -1-  50.  All  profile 
lines  are  staked  in  this  manner. 

Upon  completion  of  the  staking,  elevations  in  the  field  can  be 
obtained.  Sea-level  datum  should  be  used  when  available.  Rod  readings 
are  taken  at  the  ground  line  or  on  the  hub  at  each  stake.  Some 
engineers  will  prefer  to  keep  notes  in  the  customary  manner  in 
bound  books.  A  method  in  which  loose-leaf  sheets  (8%xll  inches, 
11  X  17,  or  larger)  of  cross-section  paper  are  used  in  the  field  for 
taking  notes  and  plotting  contour  lines  is  sometimes  followed.  The 
use  of  loose-leaf  sheets  is  believed  to  be  more  efi^icient,  as  they  can  be 
removed  and  left  in  the  office  for  completion  without  affecting  other 
work  that  may  remain  in  the  notebook.  This  method,  shown  in  Fig.  35, 
is  suggested  because  it  affords  definite  advantages  in  keeping  notes 
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and  plotting  profiles,  and  is  particularly  adaptable  to  the  marking 
of  cuts  and  fills  on  profile  stakes.  A  party  of  three  or  more  can  be 
kept  busy  marking  stakes  when  this  method  is  employed. 

Locating  Grades  on  Profiles.  After  the  field  notes  have  been 
checked,  profiles  can  be  plotted  in  a  manner  similar  to  that  shown  in 
Fig.  33.  Excellent  scales  for  profile  work  are  1  inch  to  5  feet  vertical, 
and  1  inch  to  50  feet  horizontal.  The  5  foot  vertical  scale  gives 
sufficient  distortion  of  profile  lines  to  enable  the  designer  to  balance 
earth  quantities  with  accuracy.  Profiles  should  be  inked  to  permit  the 
designer  to  erase  pencilled  trial  grade  lines  without  removing  the 
profile  lines.  Grade  lines  are  placed  on  the  profiles  by  eye.  Accuracy 
com6s  with  practice.  Frequently,  designers,  when  first  laying  grades, 
find  it  a  good  practice  to  compute  yardages,  in  order  to  determine 
whether  they  are  achieving  fairly  precise  cut  and  fill  balances.  Every 
effort  should  be  made  to  create  a  balanced  earth  condition  within 
each  lane.  Allowances  for  compaction  in  fill  sections  should  be  made. 
The  amount  of  compaction  depends  on  the  character  of  the  soil  and 
the  methods  and  equipment  used.  For  these  reasons  only  approximate 
figures  can  be  given  here  and  the  adviser  should  obtain  better  in- 
formation from  his  own  or  other's  experience  in  the  area.  Compaction 
may  be  estimated  initially  from  20  to  25  per  cent.  To  provide  for  this 
compaction  and  maintain  the  proper  balance  it  is  obvious  that  the 
total  cut  in  any  profile  must  be  some  20  to  25  per  cent  greater  than 
the  total  fill  in  the  same  profile. 

In  laying  out  the  grade  lines  on  the  profiles,  the  gradient  in  the 
direction  of  flow  of  irrigation  water  must  be  kept  in  mind.  There  must 
never  be  a  contrary  slope  or  a  flat  zone  of  any  length  in  this  direction, 
nor  should  there  be  sudden  and  large  variations  in  the  gradient.  The 
size  of  the  stream  for  a  furrow  or  border  should  be  adjusted  to 
correspond  to  the  slope,  and  this  cannot  be  done  if  there  is  a  great 
variation  in  the  gradient  of  a  single  border  or  furrow.  It  is  desirable, 
therefore,  where  possible,  to  locate  contour  or  head  ditches  at  the 
crest  or  foot  of  steeper  slopes. 

Where  the  slope  in  the  direction  of  flow  is  small,  the  effect  of 
swelling  of  soil  exposed  in  cuts  and  of  the  settlement  of  fills  after 
completion  should  be  kept  in  mind.  Here  again  the  allowance  that 
should  be  made  for  these  conditions  depends  on  the  character  of  the 
soil  and  the  subsoil  and  the  degree  of  compaction  resulting  from 
machine  movements  over  fills.  Until  some  information  is  gained  in  a 
particular  area,  it  may  be  assumed  that  fills  will  settle  some  ten 
per  cent  of  their  height.  The  swelling  of  cuts  may  be  assumed  at  the 
same  percentage,  but  never  to  exceed  0.2  foot.  The  gradient  in  the 
direction  of  flow  can  be  studied  in  most  cases  by  considering  the 
grade  lines  on  succeeding  profiles,  as  shown  in  Fig.  33.  In  critical 
cases,  it  will  be  best  to  plot  profiles  in  the  direction  of  "flow.  If,  on 
such  a  profile,  the  swelling  and  settlement  indicated  above  would 
create  an  obstacle  to  successful  spreading  of  water,  excess  cut  and 
fill  should  be  made. 

In  areas  where  border  ridges  and  ditches  normally  require  extra 
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Fig.  33.    Profiles  and  grades.  (Courtesy,  U.  S.  Bureau  of  Reclamation, 
Reference  28.) 
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earth,  another  factor  which  must  be  considered  in  laying  out  grade 
lines  is  provision  of  this  earth.  This  extra  quantity  could  be  provided 
by  borrowing  from  the  land  adjacent  to  the  ditch,  but  an  undesirable 
situation  is  usually  created.  A  depression  which  cannot  be  farmed 
and  which  will  form  a  weed  patch,  is  left  parallel  to  the  ditch.  It  is 
preferable  to  provide  the  extra  earth  required  by  slightly  lowering 
the  grade  line  in  the  adjacent  field  and  moving  this  dirt  over  to  form 
the  ditch  ribbon.  Borders  may  also  require  additional  earth,  the 
amount  depending  on  their  size,  and  this  too  can  best  be  provided  by 
allowing  for  it  in  laying  the  grade  lines  for  land  leveling.  The  dis- 
cussion on  locating,  staking,  and  constnicting  the  farm  ditches  is  in 
a  following  section,  Appendix  F.  Under  these  particular  conditions  the 
layout  including  earthwork  computations,  should  be  done  prior  to 
laying  the  final  grade  for  land  leveling  and  adjustments  made  in  the 
grade  line.  In  this  manner  the  necessary  earth  for  borders,  ditches, 
and  land  leveling  can  be  provided  and  the  maximum  amount  of  land 
can  be  farmed. 

The  designer  should  always  recognize  the  fact  that  it  requires 
greater  skill  to  adjust  grades  so  that  yardages  can  be  held  to  a 
minimum  than  it  does  to  move  large  quantities  of  earth.  Several 
hours  spent  in  adjusting  grades  on  problem  areas  may  save  a  num- 
ber of  equipment  hours  and  result  in  a  large  saving  in  leveling  costs. 

Marking  Stakes.  Cut  and  fill  computations  are  made  after  the 
grade  lines  are  determined.  These  are  placed  on  the  field  loose-leaf 
notebook  sheets  as  illustrated  in  Fig.  35  for  use  in  marking  the  cuts 
and  fills  on  the  profile  stakes.  A  standard  method  of  marking  is  used. 
Capital  C  indicates  cut  and  capital  F,  fill.  Letters  and  numbers  should 
be  made  as  large  as  the  stakes  will  permit.  They  should  be  clearly 
written  to  permit  the  operator  to  read  them  from  a  moving  tractor. 

An  effective  method  of  marking  stakes,  which  requires  very  little 
additional  time,  is  by  the  use  of  different  colored  cloth.  White  is  used 
for  cuts  and  red  for  fills.  The  cloth  strips  are  usually  about  1  inch 
in  width  and  6  to  8  inches  in  length.  The  strips  can  be  used  to  the 
best  advantage  by  measuring  their  positions  from  the  tops  of  the 
laths  rather  than  the  ground  line.  To  designate  a  cut  of  0.7  foot,  a 
white  strip  is  tied  0.7  foot  below  the  top  of  the  lath.  A  red  strip  in 
the  same  position  would  designate  a  fill.  This  method  is  particularly 
favored  by  tractor  operators,  as  it  enables  them  to  pick  out  and 
visualize  cuts  and  fills  with  ease.  Even  though  stakes  are  marked 
with  cloth  strips,  the  cuts  and  fills  should  also  be  marked  on  them 
in  figures. 

The  point  of  intersection  between  grade  line  and  the  profile  line 
constitutes  a  point  on  grade.  This  is  commonly  referred  to  as  a  day- 
light point.  Stakes  located  on  grade  are  usually  marked  with  C-0.0 
indicating  that  no  cut  or  fill  is  necessary.  A  cloth  strip  is  not  neces- 
sary on  daylight  stakes  as  the  operator  will  recognize  the  grade 
stakes  by  the  absence  of  the  cloth.  In  the  event  that  the  leveling 
operations  are  being  conducted  by  contract  on  a  yardage  basis,  the 
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marking  of  stakes  with  cloth  becomes  the  responsibility  of  the  con- 
tractor. 

Leveling  Equipment.  The  equipment  used  by  contractors  or  other 
forces  doing  land  leveling  is  made  up  of  large,  efficient  units.  Earth, 
for  the  most  part,  is  moved  by  wagon-type  scrapers  of  6  to  22  cubic 
yards  capacity  which,  until  recently,  were  drawn  by  crawler  trac- 
tors  Where  long  overhauls  are  made,  and  in  some  other  cases, 

wheel-powered  units  are  now  used.  A  crawler  tractor  is  often  used  as 
a  push  tractor  to  aid  in  loading  the  wagon  scrapers  pulled  by  wheel 
tractors.  The  wheel  tractors  move  much  more  rapidly  than  the 
crawlers  and  are,  therefore,  more  economical  for  long  hauls. 

Land  planes,  bottomless  scrapers,  levelers,  and  floats  play  an  im- 
portant part  in  leveling  operations.*  All  four  pieces  of  equipment 
vary  in  size  and  adaptability.  The  18-foot  bottomless  scraper  is  excel- 
lent for  smoothing  fill  sections  during  wagon  scraper  operations. 
Properly  operated,  it  also  does  a  very  good  job  of  finish  floating  after 
the  heavy  excavation  has  been  completed.  The  scraper  is  operated  by 
hydraulic  control  and  its  effectiveness  is  entirely  dependent  on  the 
operator. 

The  land  plane  is  used  for  finish  floating  and  does  an  excellent 
job.  It  derives  its  effectiveness  from  the  length  of  the  frame,  which 
is  mounted  on  caster  wheels.  An  efficient  size  is  60  feet  in  length  by 
12  feet  in  width.  A  small-capacity  bucket  of  the  full  width  of  the 
machine  is  located  at  the  center  of  the  frame  in  a  transverse  position. 
The  vertical  position  of  this  bucket  is  adjusted  by  the  operator.  Cuts 
0.1  and  0.2  foot  in  depth  are  made  within  the  length  of  the  frame.  The 
earth  in  the  bucket  falls  by  gravity  into  any  depressions  encountered 
as  the  machine  moves  across  the  field.  The  earth  is  dragged,  and  never 
carried,  in  the  bucket  of  the  plane.  Caster  wheels  make  it  possible  to 
turn  the  land  plane  in  a  circle  having  a  30-foot  radius.  The  bucket 
is  used  as  a  pivot  point  when  short  turns  are  made.  Some  land  planes 
are  made  with  hydraulic  controls  so  that  the  bucket  can  be  controlled 
by  the  tractor  operator. 

Many  excellent  levelers  and  floats  have  been  made  in  farm  shops 
and  by  commercial  companies.  Their  efficiency  is  usually  dependent  on 
the  length  of  the  frame.  The  earth-moving  principles  are  similar  to 
those  of  the  land  plane.  Levelers,  planes,  and  floats  play  an  important 
part  in  maintaining  the  smoothness  of  a  leveled  field.  They  are  efficient 
in  removing  small  irregularities  left  by  heavy  leveling  equipment  and 
by  plowing  and  discing,  and  their  use  each  year  does  much  to  improve 
fields  for  irrigation. 

Construction  Methods.  Actual  leveling  operations  can  be  com- 
menced after  the  cuts  and  fills  have  been  marked  on  the  stakes.  Ex- 
perience has  proved  that  leveling  operations  can  be  conducted  more 
efficiently  by  commencing  work  next  to  the  stake  line.  The  operator 
moves  the  wagon  scraper  or  other  equipment  into  the  lane  and  starts 
a  cut  section  parallel  to  the  line  of  stakes  but  at  least  2  feet  distant 
from  it.  The  distance  the  equipment  works  from  the  stakes  should  be 


•Author's  Note — These  are  usually  available  in  the  West  but  are  rare  in   the  East. 
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sufficient  to  insure  against  disturbing  the  level  of  the  ground  around 
the  stakes  either  by  cutting  or  filling. 

The  operator  should  endeavor  to  cut  and  fill  to  grade  along  the 
entire  distance  of  the  stake  line.  This  is  done  in  order  to  eliminate 
undue  turning  within  the  lane  which  consumes  time  and  hampers  the 
operator  from  carrying  grade.  As  soon  as  the  operator  believes  he 
has  brought  one  section  the  width  of  the  machine  to  grade,  he  should 
move  his  equipment  to  the  opposite  side  of  the  lane  and  repeat  the 
procedure  along  the  other  stake  line.  For  example,  if  the  operation 
were  being  started  in  the  DE  lane  of  Fig.  33,  the  operator  could 
commence  work  on  either  the  lower  side  of  the  D  line  or  the  upper  side 
of  the  E  line.  As  soon  as  a  section  along  one  stake  line  is  tentatively 
completed,  the  operator  should  move  to  the  other  line  of  stakes  and 
repeat  the  procedure.  The  grade  checker  should  check  the  completed 
section  for  irregularities  while  the  operator  is  commencing  work  on 
the  opposite  side  of  the  lane.  The  methods  of  grade  checking  will  be 
discussed  in  the  following  section.  The  checker  will  mark  any  short- 
comings in  the  finished  sections  and  these  should  be  remedied  before 
proceeding  with  the  center  of  the  lane.  A  completed  grade  on  each 
side  of  a  lane  will  aid  the  operator  materially  in  carrying  grade  from 
each  side  to  the  center.  Some  operators  will  prefer  to  complete  a  sec- 
tion 4  to  6  feet  away  from  the  first  completed  section.  They  will  then 
cut  and  fill  the  remaining  strip  until  the  sections  are  connected.  This 
aids  in  maintaining  grade.  Usually  if  the  grade  is  properly  laid  out, 
the  cut  and  fill  will  balance.  However,  factors  such  as  variations  in 
soil  texture,  moisture,  and  organic  content  will  influence  the  amount 
of  compaction  in  the  fill  section,  and  may  upset  this  balance.  If  this 
occurs,  the  grade  lines  may  have  to  be  revised. 

In  large-scale  operations,  a  bottomless  scraper,  land  plane,  or 
float  should  be  used  to  smooth  fill  sections  so  the  operators  of  the 
wagon  scrapers  can  better  judge  the  quality  of  their  work.  This  will 
eliminate  the  need  of  finishing  fill  sections  with  wagon  scrapers,  a 
practice  which  should  always  be  avoided  as  it  is  unduly  expensive. 

Grade  Checking.  Stake  lines  should  be  left  in  place  until  the 
grades  have  been  checked  and  the  cuts  and  fills  have  been  made  to 
the  desired  grade.  The  amount  of  departure  from  the  grade  permitted 
is  usually  dependent  on  the  slope  in  the  direction  of  the  irrigation  run. 
Deviation  over  0.1  foot  from  grade  should  not  be  permitted  on  ground 
that  has  a  slope  of  less  than  0.2  per  cent.  Greater  departure  would  be 
acceptable  on  greater  slopes.  It  should  be  remembered  that  floating  or 
planning  will  aid  materially  in  removing  minor  irregularities  fre- 
quently left  by  heavy  earth-moving  equipment. 

One  man  alone  can  check  grades  by  the  use  of  a  level  rod  and 
hand  level.  The  level  rod  should  be  so  made  that  it  can  be  stuck  into 
the  ground  and  remain  erect  without  manual  support.  This  permits  the 
engineer  to  leave  the  rod  at  a  point  of  known  cut  or  fill.  He  can  then 
stand  at  an  undetermined  point  and  compare  the  elevation  with  the 
hand  level.  It  is  necessary  for  the  checker  to  determine  his  height  of 
instrument  which,  in  this  case,  means  the  height  of  his  eyes  above 
the  ground  when  he  stands  erect. 
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For  an  example  of  grade  checking,  we  assume  that  a  grade 
checker  has  an  H.  I.  (height  of  instrument)  of  5.5  feet.  A  tentative 
completed  grade  along  a  portion  of  the  DE  lane,  as  shown  in  Fig.  33 
can  be  used  as  an  example  of  the  lane  checking.  The  checker  has  placed 
his  rod  at  the  point  where  the  original  elevation  was  taken  at  station 
D-15  +  50.  He  then  stands  opposite  the  station  in  the  excavated  area 
and  makes  a  rod  reading.  The  cut  shown  at  this  station  is  0.4  foot. 
If  the  cut  has  been  made  to  grade,  the  checker  will  be  standing  0.4  foot 
below  the  original  ground  level  at  the  stake  and  he  will  read  5.1  on  the 
rod.  We  will  assume  that  he  reads  5.1  showing  that  the  cut  has  been 
made  to  grade.  He  then  moves  his  rod  to  station  D-15  and  again  reads 
the  rod.  The  cut  to  be  made  was  0.8  foot.  The  checker  should  read  4.7  if 
the  grade  has  been  reached  (5.5  —  0.8  =  4.7).  The  checker  reads 
4.9  in  place  of  4.7.  This  indicates  that  a  cut  of  0.6  foot  has  been  made 
and  0.2  more  must  be  made.  A  portion  of  lath,  approximately  1  foot 
long,  should  then  be  marked  C-0.2  on  both  sides  in  order  to  permit 
the  operator  to  read  it  from  either  side  and  set  alongside  the  stake  at 
the  point  being  checked.  The  next  point  to  be  read  would  be  station 
D-14  +  50.  The  rod  reading  for  the  grade  should  be  4.3.  We  will 
assume  that  the  checker  reads  4.6,  this  point  being  0.3  foot  above 
grade.  Another  temporary  stake  is  then  set  opposite  the  station  on 
the  high  point  indicating  a  cut  of  0.3.  We  find  that  the  remaining  area 
opposite  the  stakes  in  the  cut  section  is  on  grade.  Thus  all  stations  to 
and  including  D-10  are  on  grade  since  our  grade  line  indicated  that 
leveling  is  unnecessary.  We  then  commence  checking  the  fill  section. 
At  Station  D-9  +  50  the  stake  indicates  a  fill  of  0.2  foot.  In  the  event 
the  fill  has  been  made  correctly,  the  reading  is  5.7  on  the  rod.  The 
checker  finds  this  reading  and  moves  on  to  D-9  where  a  reading  on  the 
rod  of  5.8  should  be  obtained  if  the  proper  fill  has  been  made.  However, 
the  checker  reads  5.6  showing  that  only  0.2  fill  has  been  made.  He 
places  a  short  stake  opposite  D-9  with  F-0.2  on  it.  He  then  moves  to 
station  D-8  -f  50  and  finds  a  rod  reading  of  5.6  whereas  it  should  be 
5.9.  This  requires  0.3  more  fill  to  make  grade.  He  then  moves  to  D-8 
where  he  reads  6.0  which  is  on  grade  indicating  that  the  fill  of  0.5 
foot  has  been  made.  A  check  should  be  made  opposite  each  stake  along 
the  entire  profile  line.  Correction  stakes  should  be  placed  at  any  point 
where  allowable  tolerances  have  been  exceeded.  These  steps  should  be 
repeated  along  the  opposite  side  of  the  lane.  It  is  also  well  to  check  the 
center  of  the  lane  when  the  operator  is  of  the  opinion  that  the  center 
has  been  completed.  A  properly  adjusted  hand  level  will  be  found 
sufficiently  accurate  to  determine  elevations  at  distances  of  under  60 
feet,  but  should  never  be  used  for  longer  distances  except  for  ob- 
taining a  general  idea  of  relative  elevations.  When  checking  the  center 
of  the  lane,  it  will  be  necessary  to  take  into  account  the  longitudinal 
slope  or  difference  in  elevation  of  the  grade  lines  in  the  successive 
transverse  lines. 

Survey  Procedure  for  Spot  Leveling,  In  many  instances,  where 
farms  have  been  previously  irrigated  or  the  land  has  considerable 
slope,  a  complete  topographic  map  may  not  be  necessary.  However, 
the  desirability  of  taking  topography  should  be  carefully  considered 
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before  a  decision  is  made.  In  making  the  decision,  it  should  be  re- 
membered that  the  saving  of  eight  hours'  work  with  one  piece  of 
heavy  commercial  leveling  equipment  would  more  than  pay  for  a 
topographic  map  of  an  80-acre  farm. 

Particularly  troublesome  high  or  low  spots  on  previously  irrigated 
land  are  usually  corrected  by  spot  leveliyig.  The  same  practice  is  used 
on  new  land  where  only  a  small  part  of  the  area  requires  leveling.  On 
old  land,  the  irrigator  can  generally  point  out  the  problem  without 
hesitation. 

The  nature  axiom,  "Every  hill  has  its  hollow  counterpart,"  is 
true,  but  on  flat  lands  the  counterpart  may  be  a  considerable  distance 
away.  Knolls  or  depressions  are  more  troublesome  on  gently  sloping 
than  on  steeper  ground.  Earth  moved  from  a  knoll  laterally,  on  a  field 
possessing  a  gentle  slope,  may  cause  an  obstruction  over  the  entire 
width  of  the  field  instead  of  just  at  the  previous  localized  knoll.  Like- 
wise, a  shallow  depression  may  be  formed.  A  farmer,  commenting 
on  land  leveling,  said  that  at  one  time  he  had  a  small  deep  depression 
in  his  field  and  after  several  years  of  tedious  fresno  work,  he  now 
had  a  large  shallow  depression  to  contend  with. 

The  grid  method  of  staking  and  obtaining  topographic  data  is 
recommended  for  spot  leveling.  This  method  is  also  an  excellent  one 
to  use  where  the  level  is  the  only  survey  instrument  available.  The 
stakes  are  left  in  their  original  positions  and  are  later  used  as  con- 
struction stakes.  The  first  step  in  staking  the  grid  is  the  establishment 
of  a  base  line.  The  work  will  be  easier  if  it  happens  that  the  earth 
must  be  moved  either  in  the  direction  of  flow  of  iriigation  water  or 
at  right  angles  to  this  direction.  Sometimes  the  leveling  may  be  ac- 
complished most  easily,  however,  by  moving  earth  diagonally  with 
respect  to  the  direction  of  flow.  In  that  case,  the  base  lines  of  the 
grid  should  be  set  up  in  the  direction  of  movement  of  earth  and  at 
right  angles  thereto. 

Figure  34  represents  a  common  problem  on  land  which  is  gen- 
erally smooth  enough  for  irrigation  but  can  be  improved  by  spot 
leveling.  The  contour  lines  represent  what  the  adviser  sees  when  he 
examines  the  field.  By  inspection,  supplemented  by  a  few  random  rod 
readings  and  information  from  the  owner  if  the  land  has  been  ir- 
rigated, he  decides  that  the  irrigation  runs  should  be  parallel  to  the 
fence  line  at  the  left.  He  will  see  also  that  the  field  may  be  smoothed 
up  for  irrigation  most  easily  by  moving  earth  as  shown  in  the  figure. 
In  this  case  it  will  be  convenient  to  stake  the  first  base  line  at  right 
angles  to  the  direction  of  movement  of  earth  down  the  bottom  of  the 
depression  to  be  filled.  The  first  stake  will  be  at  A-2  as  shown  on 
Fig.  34.  Stakes  are  then  set  at  100-foot  intervals  as  B-2,  C-2,  to  N-2. 
(Sometimes  with  inexperienced  operators  of  leveling  equipment,  stakes 
should  be  set  at  50-foot  intervals.) 

The  transverse  base  lines  perpendicular  to  the  longitudinal  line 
should  then  be  established.  If  a  transit  is  not  available,  the  following 
method  may  be  used:  Any  stake  on  the  longitudinal  line  may  be  used  as 
a  pivot  stake  for  the  construction  of  the  perpendicular.  For  illustrative 
purposes,  the  stake  at  station  B-2  will  be  used  as  the  pivot  point. 
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PORTION  OF  FIELD  SHOWING  GRID 
FOR    SPOT  LEVELING 


Fig.  34.    Spot  leveling  grid.   (Courtesy,  U.  S.  Bureau  of  Reclamation, 
Reference  28.) 


Stakes  should  be  placed  on  the  longitudinal  base  line  50  feet  on  each 
side  of  station  B-2.  (See  Fig.  34)  From  one  of  the  50-foot  stakes,  an 
arc  should  be  marked  with  the  100-foot  tape.  The  arc  should  be  made 
in  the  general  direction  of  the  proposed  transverse  line.  A  second  arc 
should  then  be  made  from  the  other  50-foot  stake.  The  point  of  inter- 
section of  the  two  arcs  will  be  on  a  line  perpendicular  to  the  longi- 
tudinal line  at  station  B-2.  The  distance  between  station  B-2  and  the 
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point  of  intersection  should  approximate  86.6  feet.  The  transverse  line 
can  then  be  extended  by  use  of  the  tape.  The  stations  of  this  line 
should  proceed  as  follows:  B-2,  B-3,  B-4,  etc.  Additional  stakes  should 
be  placed  at  all  major  breaks  in  the  slope  occurring  in  the  ground 
surface  between  stations.  These  will  enable  the  adviser  to  better  bal- 
ance the  earth  quantities.  They  will  also  serve  as  added  guides  for  the 
equipment  operator.  The  same  procedure  used  in  establishing  the 
B  transverse  or  numerical  line  should  be  followed  in  marking  another 
transverse  line.  In  this  case  the  M  line  would  be  convenient.  One  more 
longitudinal  line  should  then  be  chained  in.  This  might  well  be  the 
5  line.  Stations  B-5  and  M-5  have  been  previously  established  in  the 
staking  of  the  two  transverse  lines.  These  two  stakes  will  enable  the 
staking  party  to  place  the  remaining  stakes  on  line.  The  two  longi- 
tudinal and  transverse  lines  when  completed  will  serve  as  guide  lines 
for  staking  the  remaining  area  in  the  field  by  sighting  in  the  points  in 
both  directions.  The  tape  will  be  necessary  only  in  setting  plus  stations 
at  breaks  occurring  between  stations.  The  transverse  base  lines  need 
not  necessarily  be  the  B  and  M  lines.  Frequently,  the  adviser  may  find 
it  desirable  to  locate  the  transverse  base  lines  at  stations  such  as 
F.  and  I.  This  is  particularly  true  where  the  fields  are  large  and  the 
guide  lines  would  be  difficult  to  see  if  located  at  the  far  ends  of  the 
field. 

Upon  completion  of  the  staking,  elevations  should  be  obtained  at 
the  base  of  each  stake.  The  elevations  taken  should  be  an  average  of 
the  ground  surface  in  the  immediate  vicinity  of  the  stake.  Elevations 
above  sea  level  are  not  necessary  and  an  assumed  datum  may  be  used 
if  desired.  A  method  of  keeping  level  notes  and  working  up  a 
topographic  map  on  the  same  page  of  the  notebook  or  on  a  10  x  10 
cross-section  sheet  has  been  used  very  successfully.  Fig.  35  is  used  to 
illustrate  this  method.  The  scale  used  on  the  field  sheet  is  1  inch 
equals  100  feet.  The  space  at  the  extreme  left  should  be  used  for 
identifying  the  steps  used.  These  will  show  stations,  rod  readings, 
elevation,  grade  elevation,  and  cut  or  fill.  Other  essential  notes,  such 
as  bench  mark,  description  and  elevation,  rod  readings  on  bench 
marks  and  turning  points,  heights  of  instrument,  etc.,  also  are 
recorded. 

.  After  the  rod  readings  have  been  recorded  the  actual  elevations 
are  computed  and  recorded.  Contour  lines  are  then  drawn  in  on  the 
field  sheet.  The  direction  of  flow  of  water  also  is  plotted  on  the  sheet. 
Study  of  the  data  thus  shown  will  show  that  the  natural  slope  in  the 
vicinity  of  station  1-3  is  almost  at  right  angles  to  the  direction  of  flow 
of  water.  While  deep  furrows  might  be  used  to  irrigate  this  area, 
shallow  furrows  or  corrugations  would  not  work.  Preparing  a  border 
system  without  preliminary  leveling  would  be  difficult,  expensive  and 
unsatisfactory.  Moving  the  earth  from  the  ridge  extending  diagonally 
from  Station  F-4  to  K-7  into  the  hollow  running  from  F-1  to  K-3  along 
the  lanes  between  the  lettered  stake  lines  will  greatly  help  the 
situation. 

The  next  step  is  to  prepare  the  profiles  shown  on  Fig.  36.  Grade 
lines  are  then  drawn  on  these  profiles  using  the  methods  described  on 
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Fig.  35. 


Level  notes  and  contours  before  leveling.   (Courtesy,  U.  S.  Bureau 
of  Reclamation,  Reference  28.) 


pages  149  to  152  of  this  Appendix,  and  the  cuts  or  fills  and  grades 
transferred  to  the  field  sheet.  At  first  the  adviser  will  vi^ant  to  plot  a 
new  sheet  showing  the  contours  as  they  will  be  when  the  job  is  done. 
Fig.  37  shows  these.  The  eff'ect  of  the  leveling  can  be  judged  by  the 
cross  slope  which  would  have  to  be  taken  out  of  a  60-foot  border  before 
and  after.  As  shown  on  Figs.  35  and  37,  the  cross  slope  near  Station 
J-4  before  leveling  is  over  a  foot  while  after  leveling  it  is  less  than 
6  inches. 

Marking  the  stakes  and  checking  will  be  done  on  this  smaller  job 
in  much  the  same  way  as  on  the  larger  over-all  leveling  job  described 
earlier  in  this  chapter. 

The  construction  methods  to  be  used  in  spot  leveling  will  be  the 
same  as  in  general  leveling  except  that,  since  the  jobs  are  generally 
smaller,  lighter  equipment  may  be  used.  Also,  since  often  this  type 
of  work  is  done  on  farms  which  have  already  been  irrigated,  the 
farmer,  himself,  may  undertake  the  necessary  field  operations.  For 
small  jobs,  the  light  scrapers,  pulled  by  or  attached  to  the  ordinary 
farm  tractor  and  controlled  from  its  seat,  are  very  useful.  Just  as  on 
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Fig.  36. 


Profiles  and  grades  for  spot  leveling.   (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 


the  big  jobs,  so  on  the  spot-leveling  job,  the  finishing  should  be  done 
by  a  suitable  float  or  similar  machine.  Often  fields  that  require  spot 
leveling  can  be  greatly  improved  throughout  by  the  use  of  a  land 
plane  or  other  large  finishing  equipment. 

As  has  been  pointed  out,  the  surface  of  a  newly  leveled  field  may 
rise  slightly  in  the  cuts  or  settle  in  the  fills.  When  this  occurs,  it  may 
be  necessary  to  return  to  the  job  after  the  first  irrigation  season.  If 
the  work  has  been  carefully  done  in  the  first  place,  this  refinishing 
should  not  require  much  more  than  a  good  planing  or  floating. 

Computation  of  Yardage  for  Leveling.  Several  methods  are  used 
for  computing  yardages  for  land  leveling.  Possibly  each  method  has 
some  advantage  over  the  other  when  applied  to  specific  problems.  The 
method  herein  described  is  believed  more  adaptable  to  the  yardage 
determination  for  fields  being  leveled  where  departure  from  uniform 
grades  is  being  permitted,  both  longitudinally  and  transversely.  Major 
breaks  occurring  between  stations  are  reflected  in  the  yardage  totals. 
They  are  given  consideration  in  the  following  method  of  computing 
earthwork  quantities. 

One  or  more  computation  sheets  as  shown  in  Figs.  38a  and  38b 
will  be  required  for  each  profile.  Column  1  is  used  to  identify  the 
station.  Columns  2  and  3  are  used  for  recording  the  amount  of  cut  or 
fill  occurring  at  stations.  The  4  and  5  columns  show  the  sum  of  cuts 
and  fills  compiled  at  two  consecutive  station  points.  The  distance 
between  these  points  is  listed  in  column  6.  The  double  end  areas  are 
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Fig.  37. 


Contours  after  spot  leveling.    (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 


placed  in  the  respective  cut  and  fill  columns  7  or  8. 

The  use  of  the  computation  sheet  can  be  best  shown  by  an  illustra- 
tion. A  portion  of  the  profile  on  line  D  has  been  selected  for  the  illus- 
tration Fig.  33.  The  first  station  on  which  a  profile  change  occurs  is  at 

4  -)-  70.  A  fill  of  0.1  foot  is  made  at  this  point.  A  grade  point  is 
located  at  the  next  station  and  the  cut  is  listed  as  0.0  in  the  cut  column 
opposite  station  5  +  00.  The  sum  of  the  fills,  which  is  0.1,  is  placed 
in  column  5  in  the  space  between  stations.  It  is  customary  in  earth- 
work computations  to  use  the  average  end  area;  however,  the  work 
can  be  accomplished  more  rapidly  with  calculators  if  the  steps  are 
confined  to  addition  and  multiplication.  The  totals  are  then  divided 
by  2  prior  to  listing  on  the  summary  sheet.  This  explains  why  this 
column  is  labeled  double  end  area  in  place  of  average  end  area.  The 
distance  affected  by  the  fill  which  lies  between  station  4   -|-   70  and 

5  +  00  is  30  feet  in  length  and  appears  in  column  6.  The  cut  or  fill 
(in  this  case  fill)   is  multiplied  by  the  30-foot  distance  and  gives  the 
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LAND   LEVELING   EARTHWORK 
COMPUTATION  SHEETS 
SEC  1^      T 10   N,  R.  2S     E. 
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Fig.    38.    Computation    sheet  for  earthwork.    (Courtesy,   U. 
Reclamation,  Reference  28.) 


S.    Bureau    of 


double  end  area  in  square  feet  which  is  recorded  in  column  8.  This 
procedure  is  repeated  until  the  profile  line  has  been  completed.  Two 
computations  sheets  are  necessary  to  complete  a  profile  of  this  length. 
The  sum  of  the  double  end  areas  on  the  first  sheet  of  Fig.  38,  which 
is  171  for  cut  and  180  for  fill  is  then  added  to  the  results  of  the  second 
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LAND  LEVELING  EARTHWORK 

COMPUTATION   SHEETS 
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Fig.  38  (Continued). 

sheet  of  Fig.  38  which  is  337  for  cut  and  no  additional  fill.  The  total 
cut  and  fill  would  be  508  and  180,  respectively.  As  previously  men- 
tioned, it  will  be  necessary  to  divide  the  total  cuts  and  fills  by  two 
when  they  are  placed  on  the  summary  sheet  for  final  computations. 
The   summary  sheet   shown   in   Fig.   39   is   used   to   compile   and 
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LAND    LEVELING     EARTHWORK 
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Fig.  39.    Summary  computation  sheet.   (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 


transform  the  profile  data  into  cubic  yards.  Column  1  is  used  to 
identify  the  profile  line.  The  end  areas  are  recorded  in  columns  2  and 
3.  It  is  again  pointed  out  that  the  end  areas  are  one-half  of  the  sum 
of  the  areas  compiled  on  the  profile  sheets.  Referring  to  profile  D  the 
end  areas  recorded  are  254  and  90.  The  double  end  area  is  again  used 
in  place  of  the  average  end  area  and  for  the  reason  previously  stated. 
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The  cuts  and  fills  in  columns  2  and  3  are  added  in  place  of  being 
averaged.  Cuts  and  fills  resulting  between  profiles  C  and  D  are  379 
and  133,  respectively.  Column  6  indicates  the  vi^idth  of  the  lanes  being 
computed.  In  this  case  it  is  the  standard  100  feet.  The  double  volume 
is  the  product  of  the  lane  width  and  the  double  area  which  is  37,900 
cubic  feet  of  cut  and  13,300  cubic  feet  of  fill.  Columns  9  and  10  show 
the  actual  cubic  yards.  In  order  to  expedite  calculating  machine 
operations  the  factor  0.01852  which  is  the  reciprocal  of  54  is  used  in 
place  of  27  as  all  our  volumes  have  been  doubled,  consequently, 
37900  X  0.01852  =  702  cubic  yards  =  excavation 
13300  X  0.01852  =  246  cubic  yards  =  embankment 
Columns  9  and  10  are  then  added  and  the  results  are  the  actual 
amounts  of  earth  moved  on  the  field.  Excavation  amounts  to  5,971 
cubic  yards  and  compares  to  the  4,800  cubic  yards  for  compacted  fill. 
This  shows  that  the  actual  compaction  was  19.6  per  cent,  which  is  close 
to  the  20  or  25  per  cent  anticipated  and  allowed  for  in  setting  the 
grade  lines.  Thus  it  will  not  be  necessary  to  adjust  them.  This  is  not 
uncommon  for  leveling  as  the  top  6  inches  of  soil  are  usually  porous 
and  when  moved  lose  volume.  The  field  on  which  this  work  was  per- 
formed is  26  acres  in  size.  The  average  amount  of  earth  moved  is  230 
cubic  yards  per  acre. 
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APPENDIX  F 

SURFACE  DISTRIBUTION  SYSTEMS 

In  the  surface  irrigation  of  Chapter  V  the  water  must  be 
carried  along  the  high  portions  of  the  field  as  described  for 
western  conditions  in  the  following  quotations  from  the  U.  S. 
Bureau  of  Reclamation's  Irrigation  Adviser's  Guide  (Reference 
28). 

In  the  consideration  of  the  farm  plan,  a  general  idea  of  the 
irrigation  system  was  developed.  In  the  course  of  the  topographic 
mapping  and  land  leveling  opei-ations,  this  plan  was  carried  further. 
Now  it  becomes  necessary  to  work  it  out  in  detail.  On  most  Bureau 
projects,  the  water  is  delivered  from  the  Government  lateral  through 
a  turnout  located  at  the  high  point  of  the  farm  or  of  the  irrigable 
land  on  the  farm.  From  the  outlet,  the  water  must  be  distributed  to 
all  parts  of  the  farm  unit.  Under  special  conditions,  a  second  turnout 
may  be  necessary  or  convenient.  Ordinarily,  this  can  be  secured,  but 
usually  at  the  cost  of  the  landowner. 

In  designing  the  irrigation  system  for  the  farm,  the  method  of 
irrigation  to  be  used  must  be  known.  The  different  methods  in  common 
use  are  described  in  Chapters  V  and  VII.  In  those  chapters  will  be 
found  information  on  the  methods  suitable  for  various  soils  and 
topography  and  the  size  of  streams  and  length  of  runs  for  diverse 
methods  and  conditions.  The  different  methods  are  illustrated  in 
Fig.  40.  It  is  very  unlikely  that  any  one  farm  would  have  all  of  these 
methods.  The  relation  of  the  different  methods  to  crops  and  topography 
is  indicated.  Fields  A  and  B  can  be  rotated  readily  between  any  ordi- 
nary field  crops.  Topographically,  field  G  could  be  used  in  the  rotation 
but  on  most  farms  of  this  type  there  will  be  some  surface  waste  water 
which  can  be  used  most  satisfactorily  on  pasture.  Since  field  G  is  in 
the  lowest  part  of  the  farm,  it  makes  good  place  for  this  use  of  waste 
water.  Fields  D  and  F  could  be  used  for  row  crops;  but  F,  at  least,  is 
rather  steep  for  that  purpose.  Fields  A,  B,  C,  and  E  have  been  leveled 
on  an  over-all  basis  after  detailed  topographic  mapping.  Fields  D,  F, 
and  G  have  been  spot  leveled.  Each  basin  in  field  C  will  be  made 
level,  and  in  field  E  each  basin  will  be  made  level  from  north  to  south, 
but  the  slope  to  the  east  will  not  be  changed.  The  soil  of  this  field  is 
somewhat  sandy.  Otherwise,  this  type  of  basin  leveling  which  ap- 
proaches the  border  method  would  not  be  practical. 

The  distribution  of  water  on  the  farm  is  generally  by  means  of 
unlined  open  ditches  excavated  in  earth  because  of  the  cheapness  of 
such  systems.  There  are,  however,  definite  advantages  in  other  sys- 
tems. Lining  of  earth  ditches  reduces  seepage  losses,  makes  possible 
smaller  ditches,  reduces  the  danger  of  breaks  or  washouts,  and  elimi- 
nate a  large  part  of  the  cleaning  job.  Pipe  distribution  systems  can 
be  buried  below  the  ground  surface.  This  saves  a  considerable  area  of 
land  lost  in  supply  and  head  ditches  and,  far  more  important,  it  does 
away  with  the  weed  problem  in  the  ditches  and  on  their  banks.  Open 
ditches,  flumes,  and  pipes  may  all  be  used  in  various  combinations. 
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Fig.  40. 


Farm  unit  irrigated  by  several  methods.   (Courtesy,  U.  S.  Bureau 
of  Reclamation,  Reference  28.) 


Open  Ditch  System.  In  this  discussion,  the  term  supply  ditch  is 
used  for  those  farm  ditches  which  are  used  only,  or  primarily,  to  carry 
water  from  one  point  to  another  and  only  secondarily  to  distribute 
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the  water  on  the  fields.  Ditches  used  for  the  latter  purpose  only  are 
called  head  ditches  or  contour  ditches. 

The  conditions  shown  in  Fig.  40  are  quite  typical  in  that  very 
often  the  supply  ditch  for  the  farm  will  follow  along  just  below  the 
project  lateral,  as  does  the  one  shown  along  the  north  side  of  field  A, 
or  along  one  side  of  the  farm  as  that  along  the  west  side  of  fields  A 
and  B.  In  these  cases,  the  grade  of  the  ditch  is  more  or  less  fixed  by  the 
topography. 

The  general  location  of  the  ditches  is  fixed  by  study  of  the  topo- 
graphic map,  taking  into  account  the  lengths  of  runs  permissible  on 
types  of  soil  and  slopes,  in  accord  with  the  data  in  Chapter  V. 
Staking  the  ditches  in  the  field  follows.  If  no  topogi-aphic  map  is 
available,  the  design  and  staking  of  the  system  go  on  at  the  same 
time.  Actual  construction  of  the  ditches  should  not  start  until  the 
entire  plan  has  been  worked  out,  at  least  in  general,  because  it  often 
happens  that  some  condition  encountered  in  later  stages  of  the  plan- 
ning will  necessitate  changes  in  the  earlier  stages.  .  .  . 

In  order  to  turn  a  large  stream  of  water  into  a  basin  or  a  border 
through  a  turnout  of  moderate  size,  the  water  in  the  ditch  should  be 
several  inches  higher  than  the  surface  of  the  land  being  irrigated. 
Only  small  streams  are  required  in  furrow  or  corrugation  irrigation 
and  the  furrows  and  corrugations  are  cut  below  the  ground  surface. 
Under  these  conditions,  the  water  level  in  the  ditch  need  not  be  as 
much  above  the  ground  surface.  This  applies  to  those  ditches  that  are 
used  for  distribution  directly  to  the  land,  when  checked  up  for 
irrigation 

The  size  of  stream  the  farmer  can  conveniently  use  will  depend  on 
the  soil,  topography,  crop,  method  of  irrigation,  his  own  skill,  the 
amount  of  help  he  has,  land  preparation,  and  irrigation  system.  It 
is  seldom  advisable  to  use  less  than  1  cubic  foot  per  second,  since 
with  reasonably  well  prepared  ditches  and  land,  one  man  can  handle 
a  stream  of  this  size  even  on  sloping  land.  On  the  other  hand,  one  man 
can  handle  several  cubic  feet  per  second  of  water  on  borders  or 
basins.  Care  should  be  taken  not  to  make  the  ditches  too  small.  In 
spite  of  all  possible  care,  they  will  at  times  become  partly  clogged 
with  water  weeds,  grass,  or  sediment,  and,  unless  they  are  of  ample 
size,  this  will  interfere  with  the  irrigation  program.  The  size  of  stream 
suitable  for  use  under  different  conditions  and  methods  is  given  in 
Chapters  V  and  VII. 

Earth  Ditches.  The  minimum  slope  for  a  farm  ditch  should  be 
0.05  foot  per  100  feet.  Unless  there  is  some  reason  for  not  doing  so, 
it  is  customary  to  use  a  gradient  of  0.1  foot  per  100  feet.  On  very 
small  ditches,  much  greater  slopes  can  be  used  without  danger  of 
cutting  or  erosion,  but  on  the  larger  ditches,  steeper  slopes  may  result 
in  erosion  of  the  bed  or  bank  of  the  ditches.  Where  ditches  must 
follow  steeper  slopes,  it  is  necessary  to  control  the  gradient  and  thus 
the  velocity,  by  means  of  checks  or  drops.  The  ideal  velocity  for  a 
ditch  would  be  such  that  the  water  would  neither  deposit  nor  pick  up 
sediment.  With  highly  collodial  soils,  there  is  a  wide  range  of  velocities 
within  these  limits,  but  with  loose  soils  and  under  certain  conditions. 
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there  may  be  no  such  range.  About  all  that  can  be  done  is  to  avoid 
velocities  high  enough  to  cause  serious  cutting  of  the  bed  or  banks  of 
the  ditch.  The  following  maximum  velocities  are  suggested  for  farm 
ditches  in  different  textures  of  soil. 

TABLE  X 
MAXIMUM  VELOCITIES  FOR  VARIOUS  SOIL  TEXTURES 


Soil  textures 


Maximum 
average 
velocity 


Loamy  sand 

Sandy  loams 

Loam,  silt  loam,  and  silt 

Clay  loam 

Gravelly  soil  and  clay 


Feet  per  second 

1.5 
2.0 
2.5 
3.0 
3.5 


The  size  of  ditch  which  will  be  required  for  different  quantities  of 
water  and  gradients  can  be  estimated  from  Table  XL  The  velocity 
of  flow  is  also  shown  in  the  table.  Except  for  steeper  gradients  and 
loamy  sand  or  other  easily  eroded  soils,  any  of  the  sizes  and  gradients 
shown  will  be  safe  from  excessive  cutting. 

Ditches  with  a  smooth  concrete  or  other  lining  will  carry  about 
twice  as  much  water  on  the  same  grades  as  is  shown  in  Table  XI  for 
unlined  earth  ditches.  The  velocities  will  also  be  twice  as  great  but 
they  will  do  no  harm. 

Because  of  the  great  variation  in  the  operating  conditions  of  farm 
ditches,  it  is  impossible  to  determine  the  exact  size  of  channel  required 
for  a  given  stream.  The  sizes  shown  in  Table  XI  are  recommended 
for  most  conditions.  Somewhat  smaller  ditches  would  serve  if  they 
could  always  be  kept  clean,  smooth,  and  free  from  gravel.  If  the 
ditches  are  allowed  to  fill  up  with  water  weeds,  tules,  or  grass,  they 
will  not  be  large  enough.  For  these  reasons,  there  would  be  no  value 
in  presenting  more  elaborate  tables.  Where  intermediate  streams  or 
gradients  are  used,  the  proper  size  of  ditch  may  be  estimated  with 
sufficient  accuracy  from  the  table.  The  table  was  made  up  for  ditches 
with  1.5:1  side  slopes.  The  water  will  flow  an  inch  or  so  deeper  in 
ditches  with  the  same  bottom  width  and  1:1  side  slopes. 

Fig.  41  shows  cross  sections  of  typical  farm  ditches.  Ditches 
built  by  crowder  or  ditcher  will  be  of  these  shapes.  Ditches  dug  by 
hand  or  by  some  kinds  of  machinery  will  require  less  work  for  the 
same  capacity  if  made  narrower  and  deeper.  This  is  especially  true 
on  hill-sides.  ...  It  will  be  noted  that  except  for  ditch  number  3 
shown  in  Fig.  41,  the  water  level  in  each  ditch  is  at  or  below  the 
ground  surface.  In  case  of  a  ditch  crossing  a  low  spot  or  running  on 
very  nearly  level  land,  it  may  be  necessary  to  carry  part  of  the  water 
above  the  ground  surface.  In  practically  all  cases,  the  water  will  be 
backed  up  by  the  use  of  permanent  or  temporary  checks  or  portable 
metal  or  canvas  dams  when  it  is  to  be  diverted  to  the  land. 


170 


Irrigation  for  Eastern  United  States 


TABLE  XI 

SIZE  OF  FARM  DITCHES  REQUIRED  FOR  DIFFERENT  STREAMS  ON 

FOUR  DIFFERENT  GRADES   (COMPUTED  BY  KUTTER'S  FORMULA 

USING  SIDE  SLOPES  OF  1.5  TO  1  AND  n  0.030) 

Grade — %  inch  per  rod;  0.05  foot  per  100  feet;  or  2.64  feet  per  mile. 


Stream  (cubic  feet  per 
second) 

Mean  velocity 

Size 

Base  width 

Water  depth 

0.5 

Ft. /-sec. 
0.4 

.5 

.6 

.8 

.9 
1.1 
1.1 

Inches 
12 
18 
24 
36 
48 
60 
72 

Inches 
8 

1.0 

9 

2.0 

11 

4.0 

13 

8.0 

17 

12.0 

19 

16.0 

19 

Grade — ^e  inch  per  rod;  0.1  foot  per  100  feet;  or  5.28  feet  per  mile. 


0.5 

0.5 

.7 
.8 
1.0 
1.2 
1.4 
1.8 

12 
15 
18 
24 
36 
36 
48 

6 

1.0 

9 

2.0 

10 

4.0 

13 

8.0 

16 

12.0 

19 

16.0 

20 

Grade — ^  inch  per  rod;  0.2  foot  per  100  feet;  or  10.56  feet  per  mile. 


0.5 

0.8 
.7 
1.0 
1.3 
1.6 
1.8 
1.9 

12 
15 

18 
18 
24 
86 

48 

5 

1.0 

5 

2.0 

9 

4.0      .... 

12 

8.0 

15 

12.0 

16 

16.0 

17 

Grade — 1  inch  per  rod;  0.5  foot  per  100  feet;  or  26.4  feet  per  mile. 


0.5   

0.9 
1.2 
1.5 
1.8 
2.2 
2.5 

12 
12 
18 
18 
24 
36 

4 

1.0   

6 

2.0  

7 

4.0   

10 

8.0 

13 

12.0 

13 

16.0    .... 

Under  some  conditions,  it  will  be  necessary  to  carry  the  water 
across  a  draw  or  depression.  Depending  upon  the  height  of  the  grade 
line  above  the  natural  ground  surface,  the  water  may  be  carried  in 
an  open  ditch  on  an  earth  fill,  in  a  flume,  or  through  a  pipe.  The 
choice  among  these  will  depend  upon  relative  costs.  If  the  water 
surface  is  less  than  two  or  three  feet  above  the  ground  surface  at 
the  lowest  part  of  the  depression,  an  earth  fill  will  be  most  economical. 
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Farm  ditch  No.1 


Farm  ditch  No.  2 


m^^WWM 


*24"- 


Farm  ditch  No.  3 

2'  min.— » 


'^^^m^ 


Form  ditch  No  4 


Fig.  41.    Farm  ditch  to  carry  not  over  1  cubic  foot  per  second.   (Courtesy, 
U.  S.  Bureau  of  Reclamation,  Reference  28.) 
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For  heights  from  5  to  about  10  feet,  a  flume  will  generally  be  satisfac- 
tory and  where  the  grade  line  is  more  than  20  feet  above  the  ground 
surface,  it  will  nearly  always  be  found  best  to  use  a  pipe  line.  In 
intermediate  cases,  the  choice  will  depend  upon  the  local  prices  for 
materials  and  labor,  and  to  some  extent,  upon  the  choice  of  the  indi- 
vidual land  owner.  However,  a  flume  is  generally  not  considered  to  be 
as  satisfactory  as  a  siphon. 

Earth  fills  are  not  always  satisfactory  unless  they  are  of  un- 
usually large  dimensions  and  even  then  are  subject  to  some  seepage 
loss  and  some  danger  of  being  washed  out,  especially  if  ground 
squirrels  or  other  burrowing  animals  are  numerous.  If  possible,  fills 
of  this  type  should  be  built  of  earth  from  high  ground  at  the  ends, 
rather  than  from  borrow  pits  alongside.  They  should  be  built  up  in 
6-  or  8-inch  layers,  each  well  compacted.  If  this  is  not  done,  they  will 
settle  so  much  that  the  banks  at  the  top  will  have  to  be  built  up  and 
the  bottom  will  be  so  low  as  to  hold  a  pond  of  water  when  the  ditch 
is  drained. 

The  base  should  be  made  the  full  width  necessary  from  the  start. 
To  estimate  the  width  of  base  at  any  point,  first,  determine  the  top 
width  from  outside  to  outside  of  banks;  second,  find  the  height  of  the 
top  of  the  banks  above  the  ground  surface  at  that  point.  Then  multiply 
this  height  by  a  factor  of  4  or  more  and  add  the  top  width.  If  the  earth 
to  be  used  for  the  embankment  will  pack  solidly,  multiply  by  4;  if  it 
will  not,  it  will  be  necessary  to  multiply  by  5  or  6.  For  example,  sup- 
pose we  have  a  ditch  3  feet  wide  at  the  bottom  and  2  feet  deep  to  the 
top  of  the  bank.  The  two  inside  slopes  each  will  be  3  feet  wide.  The  top 
of  the  bank  should  be  at  least  2  feet  wide.  We  will  assume  that  the 
top  of  the  bank  is  3  feet  above  the  natural  ground  surface  and  that 
the  soil  will  compact  into  a  firm  mass.  We,  therefore,  decide  to  make 
our  outer  slopes  two  horizontal  to  one  vertical.  That  means  that  the 
total  width  at  the  base  will  be  3  feet  bottom  width  of  ditch,  plus  two 
inside  slopes  of  3  feet,  or  6  feet;  plus  two  top  widths  of  bank  or  4  feet; 
plus  two  outside  slopes  of  6  feet  each  or  12  feet.  This  makes  the  total 
width  at  the  b^se  25  feet.  This  fill  should  then  be  started  25  feet  wide 
at  the  base.  For  each  foot  it  is  built  up,  it  would  be  brought  in 
2  feet  on  each  side.  It  should  be  built  up  in  this  way  to  or  above  the 
level  of  the  expected  water  surface.  The  ditch  should  then  be  ex- 
cavated in  the  top  of  the  fill  just  as  it  would  be  in  the  natural  ground. 

Flumes.  Flumes  may  be  constructed  of  wood  or  galvanized  steel 
flumes  may  be  purchased.  Figs.  7,  42,  and  43  show  designs  for  satisfac- 
tory wooden  flumes  for  farm  ditches.  Where  available,  "five-quarter" 
or  full  thickness  rough  cedar  or  redwood  lumber  is  very  useful  for 
building  flumes  and  other  wooden  irrigation  structures.  The  extra 
thickness  of  rough  lumber  makes  for  slightly  longer  life  and  it  is 
believed  that  the  rough  surface  at  the  junction  between  sides  and 
bottom  catches  silt  and  tends  to  make  the  flume  more  water  tight.  In 
building  small  flumes,  it  is  important  that  the  sides  be  nailed  to  the 
edge  of  the  floor  boards  rather  than  that  the  sides  be  set  on  top  of  the 
floor.  In  the  latter  case,  there  is  a  tendency  for  the  bottom  to  sag 
between  supports  and  open  the  crack. 
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WOODEN     FLUME 


Fig.  42.    Wooden  flume  and  trestle.  (Courtesy,  U.  S.  Bureau  of  Reclamation, 

Reference  28.) 

Table  XII  gives  the  size  of  flumes  required  to  carry  different 
streams  on  six  different  gradients.  The  table  shows  the  depth  of  water 
flowing  in  the  flume.  In  all  cases,  some  excess  depth  or  freeboard 
must  be  provided.  Often  the  flume  will  sag  slightly  between  supports, 
footings  will  sometimes  settle  somewhat,  and  there  may  be  rough 
joints  that  will  slow  up  the  flow  and  make  it  deeper.   Waves  often 
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TABLE  XII 

SIZE  OF  RECTANGULAR  WOODEN  FLUMES  REQUIRED  FOR 

DIFFERENT  STREAMS  ON  SIX  DIFFERENT  GRADES. 

(Computed  by  Kutter's  formula  with  n  =  0.014) 


Stream 

Size 

Size 

Size 

(c.f.s.) 

Bottom 

Depthi 
water 

Bottom 

Depthi 
water 

Bottom 

Depth! 
water 

Grade — 14.  inch 

per  rod  or  0.5 

foot  per  100  feet 

Grade — 5i6  inch 

per  rod  or  0.1 

foot  per  100  feet 

Grade — 1  inch 

per  rod  or  0.5 

foot  per  100  feet 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

0.5 

12 
18 
18 
24 
36 
48 
48 

7 
8 
12 
16 
17 
18 
21 

12 
12 
18 
24 
36 
36 
48 

5 
9 
10 
12 
13 
18 
16 

8 
12 
12 
18 
24 
24 
36 

4 

1.0 

5 

2.0 

8 

4.0 

9 

8.0 

11 

12.0 

15 

16.0 

12 

Grade — 2  inches 

per  rod  or  1  foot 

per  100  feet 

Grade — 4  inches 

per  rod  or  2 
feet  per  100  feet 

Grade — 8  inches 

per  rod  or  4 
feet  per  100  feet 

0.5 

6 
8 
12 
18 
18 
24 
24 

5 
6 
6 

7 
11 
11 
14 

6 

8 
12 
12 
18 
18 
24 

3 

4 
5 
8 
9 

12 
11 

6 
6 

8 
12 

18 
18 
18 

3 

1.0 

5 

2.0 

6 

4.0     . 

6 

8.0 

7 

12.0 

9 

16.0     

11 

develop  in  flumes  on  steeper  gradients.  All  of  these  make  the  freeboard 
necessary.  On  flatter  grades,  freeboards  should  never  be  less  than 
3  inches  on  the  smallest  flumes  and  6  inches  on  the  larger  sizes.  On 
the  steeper  grades,  more  freeboard  should  be  provided,  especially  if 
the  flume  is  not  straight. 

It  will  be  noted  that  the  velocity  in  flumes  on  comparable  grades 
is  considerably  higher  than  in  earth  ditches.  If  a  flume  is  quite  long, 
50  feet  or  more,  it  will  be  possible  to  take  advantage  of  this  higher 
velocity.  In  the  case  of  short  flumes,  however,  the  losses  of  head  at 
the  entrance  and  exist  of  the  flume  will  be  more  than  enough  to  make 
up  for  any  saving  which  might  be  made  because  of  the  smaller 
friction  losses  in  the  flume. 

Manufacturers  and  dealers  in  irrigation  supplies  sell  metal 
flumes  of  different  styles.  They  will  furnish  capacity  tables  showing 
the  size  required  for  streams  of  various  sizes  on  several  gradients. 
They  will  also  furnish  plans  for  trestles  for  their  flumes.  Metal  flumes 
are  often  used  in  place  of  wooden  structures  because  of  longer  life 
and  smaller  leakage. 


^Freeboard  must  be  allowed  in  addition  to  the  water  depth. 
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For  a  short  flume,  it  is  best  to  assume  that  the  gradient  of  the 
water  surface  will  be  continuous  through  the  flume.  This  will  be 
exactly  true  if  the  velocity  and  cross  sectional  area  of  the  flume  are 
the  same  as  those  of  the  ditch.  In  the  case  of  long  flumes,  where 
the  velocity  is  higher  on  account  of  the  lower  friction  losses,  it  will  be 
found  that  the  surface  of  the  water  in  the  flume  is  slightly  below  the 
ditch  line  gradient.  If  the  flume  is  much  shallower  than  the  earth 
ditch,  it  should  be  set  with  its  bottom  somewhat  higher  than  the 
bottom  of  the  earth  ditch.  The  exact  method  of  locating  the  grade 
line  for  the  bottom  of  the  flume  is  discussed  in  different  textbooks 
and  sales  manuals  of  the  companies  building  metal  flumes. 

In  some  areas,  small  flumes  are  used  in  place  of  head  ditches. 
This  is  particularly  true  where  the  water  must  run  down  a  com- 
paratively steep  slope  and  an  earth  ditch  would  require  many  drop 
structures.  Figs.  43  and  44  show  wooden  flumes  of  this  type.  It  will 
be  noted  that  openings  are  made  in  the  side  of  the  flume  and  that 


BOX  FLUME- 12" 


sides  & 

BotU 

I'xIS' 


Sld»t  Bk 
Bottom  Lap 
Collar-l\  12" 


Fig.  43.    Twelve-inch  box  flume  for  distributing  water.    (Courtesy,   U.   S. 
Bureau  of  Reclamation,  Reference  28.) 


these  openings  are  controlled  by  small  galvanized  iron  gates.  This 
method  of  control  of  water  for  furrow  or  corrugation  irrigation  is  very 
satisfactory.  Flumes  are  often  better  than  pipes  for  this  purpose  on 
steep  slopes  because  the  pressure  does  not  build  up  in  them. 

Pipes.  Pipes  for  use  in  irrigation  systems  may  be  made  of  wood, 
concrete,  steel,  or  various  other  materials.  Wooden  pipes,  unless  they 
are  made  of  redwood  or  similar  decay-resistant  timber  or  have  been 
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V"  FLUME 


Fig.  44. 


V  flume  for  distributing  water.    (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 


treated,  are  not  very  satisfactory  for  irrigation  use.  This  is  especially 
true  of  pipes  used  on  the  farm,  which  are  subjected  to  alternate 
wetting  and  drying  more  than  pipe  lines  used  in  project  systems. 
Concrete  pipe,  if  well  made  and  properly  installed,  is  almost  perma- 
nent. Exceptions  are  those  cases  where  soil  or  water  carries  an  unusual 
amount  of  acid  or  alkali  or  in  pump  discharge  lines  subject  to  water 
hammer.  Fig.  45  shows  a  suitable  concrete  inlet  structure  for  6-,  8-, 
or  10-inch  pipe-lines.  The  same  plan  may  be  used  for  the  outlet. 

Table  XIII  gives  the  capacity  of  pipelines  suitable  for  the  farm 
irrigation  system.  When  concrete  pipe  is  used  for  heads  up  to  10  or 
20   feet,   it   is   ordinarily   not   necessary   to    reinforce    it.    For   higher 
TABLE  XIII 
LOSS  OF  HEAD  DUE  TO  FRICTION,  IN  FEET  PER  THOUSAND  FEET 
OF  CONCRETE  PIPE  (computed  from  Scobey's  formula) 
(Q  =  0.00169d2-625H0.5) 


Stream 

(cubic 

feet  per 

second) 

Loss  of  head  in  pipe  with  inside  diameter  of 

6  inches 

8  inches 

10  inches 

12  inches 

18  inches 

24  inches 

0.5 

Feet 

7.2 

28.0 

110.0 

Feet 
1.6 
6.3 
25.0 

100.0 

Feet 
0.49 
2.0 
7.9 
32.0 

130.0 

Feet 

Feet 

Feet 

1.0 

0.75 

3.0 

12.0 

48.0 

110.0 

2.0 

0.36 

1.4 

5.8 

13.0 

23.0 

4.0    

0.32 

8.0 

1.3 

12.0 

2.8 

16.0 

5.1 

Note — A  wider  range  of  information  can  be  obtained  from  Fig.  46. 
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Fig.  45. 


Inlet  structures  for  concrete  pipelines.  (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 


heads,  reinforced  pipe  is  generally  used.  The  capacity  of  wooden, 
steel,  and  other  types  of  pipe  is  somewhat  larger  than  that  of 
concrete  of  similar  sizes  because  of  lower  friction  losses.  Capacity 
tables  for  such  pipe  will  be  supplied  by  the  dealer  selling  the  pipe. 

Staking  out  Ditches.*  To  illustrate  the  methods  of  designing  and 
staking  out  the  ditches  and  structures,  the  system  shown  on  Fig.  40 
will  be  used.  The  first  step  is  to  determine  the  size  required  for  the 


*The  flows   of   water   and   the   ditches   described    in    this   section   are   larger   than   will    be 
used  in  most  supplemental   irrigation — Author. 
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FLOW  OF  WATER 
IN 

MACHINE    TAMPED    CONCRETE   PIPE 

From      Formula 
Q  =  .OOI6926d  2625  h    » 
0  =  Cubic    Ft.  Per  Second 
d  =  Pipe    Dio.  in  Inches 
H=  Friction   Heod  in  Ft.  Per  lOOOFt. 


Fig.  46. 


Friction  losses  in  concrete  pipe.   (Courtesy,  U.  S.  Bureau  of 
Reclamation,  Reference  28.) 
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supply  ditches.  In  Chapter  V  it  will  be  found  that  borders  or  contour 
basins  of  the  size  shown  in  field  E  will  require  4  to  8  cubic  feet  per 
second  of  water  for  satisfactory  irrigation.  The  rectangular  basins 
of  field  C  are  slightly  larger  in  size  and  will  require  about  the  same 
size  streams.  Thus,  both  supply  ditches  should  have  a  capacity  of 
about  6  cubic  feet  per  second.  Under  the  water  delivery  rules  of  the 
project  on  which,  the  farm  is  located,  water  will  be  delivered  in  not 
less  than  24-hour  periods.  Field  E  could  be  irrigated  in  about  3.5  hours 
and  field  C  in  about  8  hours  with  a  stream  of  6  cubic  feet  per  second. 
Unless  much  of  the  rest  of  the  farm  needed  irrigation  at  the  same 
time  and  was  well  fitted  with  ditches  and  control  structures,  it  would 
be  impossible  to  use  the  stream  efficiently  for  the  balance  of  the  24 
hours.  Unless  the  owner  of  this  unit  had  other  land  or  could  arrange 
to  let  someone  else  have  the  water  part  of  the  day,  the  basins  would 
have  to  be  made  smaller  to  be  successfully  irrigated  with  a  smaller 
stream  or  some  other  method  of  irrigation  used. 

In  order  to  command  as  much  land  as  possible,  the  supply  ditch 
along  the  north  side  of  field  A  will  be  located  on  a  gradient  of  0.05 
foot  per  100  feet.  From  Table  XI,  we  find  that  it  will  take  a  ditch 
of  a  size  about  midway  between  one  36  inches  wide  on  the  bottom 
with  13  inches  of  water  and  one  48  inches  wide  with  17  inches 
of  water  to  carry  6  cubic  feet  per  second  on  this  grade.  The  ditch 
will  be  made  42  inches  wide  on  the  bottom  to  carry  about  15  inches 
(1.25  feet)  depth  of  water.  The  top  width  will  be  a  little  over  7  feet 
at  the  water  surface.  The  ditch,  whenever  possible,  will  be  so  con- 
structed that  when  it  is  carrying  a  full  stream,  the  water  surface  will 
be  just  at  the  natural  ground  sui'face.  When  it  is  being  used  as  a 
head  ditch  for  field  A,  the  water  will  be  backed  up  by  the  use  of  a 
canvas  or  a  portable  metal  dam  or  the  gates  in  the  division  box  at 
the  east  end  of  the  field 

The  supply  ditch  will  start  from  the  outlet  of  the  division  box  in 
any  case.  A  stake  is  set  at  this  point.  The  depth  of  water  in  the 
ditch  will  be  1.25  feet.  The  necessary  cut  to  reach  this  elevation  is 
marked  on  the  stake.  Keeping  in  mind  that  land  higher  than  the  water 
surface  in  the  ditch  cannot  be  irrigated  and  that  it  is  necessary  by 
project  ruling  to  keep  at  least  7  feet  from  the  toe  of  the  lateral  bank, 
the  ditch  running  to  the  east  is  then  staked.  Stakes  are  set  at  50-foot 
intervals,  each  being  0.025  foot  lower  than  the  preceding  one. 

At  the  northeast  corner  of  field  A,  a  division  box  is  required  where 
the  supply  ditch  turns  to  the  south  down  the  slope.  At  this  point,  the 
gradient  of  this  ditch  should  be  increased.  This  will  increase  the 
velocity  and  thus  permit  a  smaller  size.  It  will  also  reduce  the  number 
of  drops  required.  It  is  assumed  that  the  soil  on  this  slope  is  a  light 
sandy  loam  and  will  not  stand  a  velocity  of  more  than  2.0  feet  per 
second.  According  to  Table  XI,  a  ditch  carrying  6  cubic  feet  per 
second  on  a  grade  of  0.5  foot  per  100  feet  would  have  a  velocity  of 
about  2  feet  per  second.  The  table,  however,  is  computed  on  the  basis 
of  ditches  in  fair  condition  only.  The  velocity  will  be  higher  when  the 
ditch  is  new  and  clean  and  probably  would  exceed  the  limiting  velocity. 
It  will  be  safer  to  use  a  grade  of  0.2  foot  per  100  feet  which  reduces 
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the  velocity  only  15  per  cent.  According  to  Table  XI  it  will  require 
a  ditch  about  halfway  between  18  inches  wide  with  12  inches  of  water 
and  24  inches  wide  with  15  inches  of  water.  Therefore,  the  portion  of 
the  supply  ditch  running  south  will  be  constructed  2  feet  wide  on  the 
bottom  for  a  depth  of  water  of  1  foot  and  1.5  to  1  side  slopes.  This 
will  make  the  ditch  5  feet  wide  at  the  water  surface. 

The  natural  gradient  on  the  upper  portion  of  this  section  is 
approximately  0.5  foot  in  100  feet  so  it  will  be  necessary  to  provide 
drops  in  order  to  hold  the  velocity  down  to  a  safe  point.  It  will  be 
convenient  to  make  the  drop  and  the  outlet  for  the  contour  ditch 
supplying  the  lower  part  of  fields  D  and  F  as  a  single  structure.  No 
other  drop  is  required. 

After  this  supply  ditch  is  staked,  the  contour  ditches  in  the 
eastern  part  of  the  farm  unit  will  be  located.  About  2  cubic  feet 
per  second  will  be  all  that  can  be  efficiently  handled  in  each  one  of 
these  ditches.  Using  a  gradient  of  0.1  foot  per  100  feet,  it  will  take  a 
ditch  about  18  inches  wide  on  the  bottom  and  10  inches  deep  to  carry 
this  stream.  The  upper  contour  ditch  is  staked  out  around  the  slope 
on  a  gradient  of  0.1  foot  per  100  feet  providing  for  a  cut  of  0.9  foot 
along  the  lower  edge  of  the  ditch. 

The  next  contour  ditch  is  laid  out  in  exactly  the  same  manner. 
In  the  supply  ditch  above  the  head  of  this  ditch,  a  structure  should 
be  provided  to  take  waste  water  that  may  have  accumulated  from 
field  A  in  the  head  ditch  of  field  B.  This  waste  water  can  either  be 
used  in  this  contour  ditch  or  allowed  to  go  on  down  the  supply  ditch 
for  use  on  lower  land.  The  location  of  this  ditch  is  fixed  by  the  proper 
length  of  run  between  contour  ditches  used  for  flooding,  as  in  field  D, 
or  of  corrugations,  as  in  field  F.  As  shown  in  Table  III,  a  suitable 
spacing  is  250  to  400  feet. 

The  contour  ditch  along  the  north  edge  of  field  G  will  have  a  fall 
of  about  0.2  foot  per  100  feet.  According  to  Table  XI,  a  ditch  18  inches 
wide  on  the  bottom  with  9  inches  of  water  will  carry  2  cubic  feet  per 
second  without  exceeding  the  permissible  velocity  of  2.0  feet  per 
second.  This  ditch  is,  therefore,  staked  approximately  parallel  to  the 
ditch  above  in  order  to  maintain  approximately  the  same  length 
of  runs. 

It  will  be  noted  that  near  the  southeastern  corner  of  field  D, 
a  short  supply  ditch  must  be  constructed  running  south  down  the  slope 
from  the  second  contour  ditch  to  supply  field  G.  The  slope  in  this 
ditch  will  be  controlled  by  a  check  and  a  drop  at  the  northwest  corner 
of  field  G.  It  will  be  of  the  same  size  as  the  contour  ditch. 

The  system  is  now  completed  for  the  eastern  portion  of  the  farm 
unit.  Another  supply  ditch  will  be  located  from  the  turnout  down  the 
west  side  of  the  unit.  This  ditch,  as  has  been  noted  before,  will  need 
to  have  a  capacity  of  6  cubic  feet  per  second.  The  proper  size  and 
gradient  will  be  the  same  as  that  for  the  portion  of  the  supply  ditch 
between  fields  A  and  D,  that  is,  2  feet  wide  on  the  bottom  with  a 
depth  of  1  foot  of  water  and  a  gradient  of  0.2  foot  per  100  feet.  A 
division  box  will  be  required  at  the  northwest  corner  of  field  B  to 
divert  water  into  the  head  ditch  serving  that  field.  This  head  ditch 


Appendix  181 

should  be  of  the  same  size  as  the  contour  ditches  in  the  eastern  part 
of  the  field.  The  ditch  running  east  through  field  C  should  have  a 
capacity  of  6  cubic  feet  per  second  in  order  that  the  last  basins  may 
be  properly  irrigated.  The  gradient  will  be  approximately  0.16  foot 
per  100  feet,  and  it  will  require  a  ditch  about  24  inches  wide  on  the 
bottom  with  15  inches  of  water  to  carry  the  stream.  The  ditch  should 
be  so  constructed  that  the  water  surface  will  be  about  6  inches  above 
the  land  surface,  as  is  shown  in  Fig.  41  for  ditch  number  3. 

In  order  to  build  the  ditch  illustrated  in  Fig.  41  where  the  two 
banks  require  more  earth  than  is  provided  by  the  ditch  excavation 
itself,  earth  must  be  obtained  either  by  making  the  ditch  itself  wider 
and  deeper  or  by  borrowing  earth  from  outside.  Earth  for  borrow 
should  be  provided  from  adjacent  basins  by  proper  adjustment  of  the 
final  gradient  in  the  leveling  plan.  Sometimes  the  canal  water  carries 
silt  and  a  deep  section  will  serve  to  catch  some  of  this.  In  other 
cases,  a  deep  section  may  cut  through  into  a  sand  or  gravel  subsoil, 
and,  therefore,  should  be  avoided.  Borrow  pits  alongside  of  ditches 
are  undesirable  because  they  often  collect  waste  or  seepage  water, 
harbor  mosquitoes,  and  grow  up  to  weeds.  In  the  case  of  the  ditch 
in  field  C,  it  will  be  best  to  borrow  the  necessary  earth  from  the  high 
side  of  the  basins.  Since  these  basins  must  be  leveled,  this  will  save 
some  earth  movement. 

The  most  satisfactory  method  of  building  this  type  of  ditch  is  to 
make  a  solid  embankment  of  the  necessary  height  and  then  to  excavate 
the  ditch  in  it.  If  ditch  number  3  is  made  3  feet  wide  on  the  bottom, 
the  total  width  from  toe  to  toe  of  the  embankment  will  be  13  feet. 
This  embankment  should  then  be  staked  on  both  sides,  and  made  about 
0.5  foot  high  above  the  ground  surface  before  cutting  out  the  ditch. 
The  earth  excavated  from  the  ditch  section  will  then  be  sufficient  to 
bring  the  banks  up  to  the  required  1  foot  above  the  ground  surface. 
The  embankment  should  be  brought  to  a  uniform  gradient.  This  means 
that  in  places  it  may  be  more  or  slightly  less  than  0.5  foot  above  the 
ground  surface  before  excavation  of  the  ditch.  This  completes  the 
staking  out  of  the  supply  and  head  ditches  for  the  farm  unit  of 
Fig.  40. 

On  many  projects,  much  of  the  land  consists  of  a  series  of  more  or 
less  parallel  ridges  and  draws.  If  the  slopes  on  each  side  of  the 
ridges  are  longer  from  ridge  to  draw  than  can  be  properly  irrigated 
in  a  single  run,  one  or  more  contour  ditches  will  be  needed  along  each 
slope.  These  contour  ditches  generally  can  be  most  readily  fed  by  a 
supply  ditch  running  down  the  bottom  of  the  draw  with  suitable 
division  boxes  at  the  head  of  each  contour  ditch.  Sometimes  contour 
ditches  can  be  taken  out  of  both  sides  of  the  draw  at  the  same  point. 
There  are  three  advantages  in  placing  the  supply  ditch  in  the  draw 
rather  than  on  the  ridge.  Often  the  bottom  of  the  draw  already  has 
a  channel  that  has  been  eroded  to  a  stable  condition  and  drops  are  not 
needed.  The  contour  ditches  running  with  the  fall  of  the  draw  are 
longer  than  they  would  be  if  they  ran  in  the  other  direction,  and 
therefore,  a  smaller  number  of  ditches  and  stinictures  will  be  required. 
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The  waste  water  reaching  the  upper  ends  of  the  draws  is  automatically 
rediverted  for  use  in  lower  contour  ditches. 

Whether  or  not  a  supply  ditch  is  necessary  in  the  draw,  a  head 
ditch  down  the  ridge  is  required.  These  ditches  are  run  down  the 
crest  of  the  ridges  and  are  used  to  distribute  water  to  the  slopes  on 
both  sides.  A  ridge  ditch  should  be  located  exactly  on  the  highest  part 
of  the  ridge.  If  this  is  not  done,  high  spots  will  show  up  on  one  side 
or  the  other.  These  high  spots  cannot  be  irrigated  unless  they  are 
scraped  off  to  a  level  below  the  water  surface  in  the  ditch.  Very 
often,  the  ridges  will  be  found  to  have  so  steep  a  fall  that  the  velocity 
of  flow  in  the  ditch  must  be  controlled  by  suitable  drops.  A  small 
flume  of  wood  or  metal  can  be  used  in  the  place  of  a  ridge  ditch  with 
good   results. 

Wherever  water  is  applied  by  corrugations  or  furrows,  and 
generally  where  borders  or  flooding  from  contour  ditches  are  used, 
a  certain  amount  of  surface  runoff  is  unavoidable.  Provision  must 
always  be  made  to  take  care  of  this  runoff.  Often  it  is  simply  picked  up 
in  the  next  lower  contour  or  head  ditch  and  redistributed  as  indicated 
for  field  A  and  the  upper  portions  of  fields  D  and  F.  In  other  cases, 
special  pickup  ditches  must  be  constructed.  If  possible,  these  should 
lead  the  water  to  a  lower  field  on  the  same  farm  for  use.  In  Fig.  40, 
such  pickup  ditches  are  shown  along  the  lower  edges  of  fields  B,  D,  and 
G.  The  first  two  of  these  deliver  the  water  into  the  head  ditches  for 
use  on  fields  E  or  G.  The  waste  from  field  G  and  from  the  lower  ends 
of  the  contour  ditches  of  field  F  should  be  delivered  to  a  natural  or 
artificial  wasteway.  On  some  projects,  such  waste  water  may  be 
dumped  into  lower  project  laterals  while  in  other  cases  this  is  not 
permitted.  It  would  be  possible  and  might  be  desirable  to  pick  up  the 
waste  water  at  the  northeast  corner  of  field  G  and  spread  it  over  the 
southeastern  section  of  the  field. 

Control  Structures.  An  important  factor  in  the  ease  and  efficiency 
of  operation  of  the  irrigation  system  on  any  farm  is  the  character  of 
the  water  control  structures.  In  the  past  too  many  farmers  have 
attempted  to  handle  their  irrigation  water  by  the  use  of  earth  dams. 
This  not  only  involves  a  great  deal  of  hard  physical  labor  but  in- 
variably results  in  poor  control.  Moreover,  a  large  part  of  the  earth 
used  in  building  dams  in  irrigation  ditches  is  washed  out  when  the 
dams  are  broken  and  as  a  result  a  lai'ge  depression  is  developed 
in  and  around  junctions  of  irrigation  ditches.  For  these  reasons,  it 
is  highly  important  that  adequate  control  structures  should  be  used 
from  the  very  beginning  of  irrigation  operations. 

Such  structures  may  be  divided  into  three  types — permanent, 
semipermanent,  and  portable.  It  is  desirable  to  build  permanent  struc- 
tures when  the  system  is  first  put  in,  but  there  are  three  reasons 
which    sometimes    indicate    the    use    of    semipermanent    or    portable 
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structures  at  this  time.  Even  with  careful  survey  and  layouts,  it  is 
sometimes  found  desirable  to  change  the  location  or  the  type  of 
structure  after  a  few  seasons'  use.  The  second  factor  is  the  cost  of 
construction.  New  settlers  have  to  meet  high  costs  in  preparing  farms 
for  irrigation  and  often  necessarily  use  cheaper  forms  of  construction 
in  the  first  instance.  Permanent  structures,  particularly  checks  and 
drops,  are  very  much  in  the  way  when  ditches  are  cleaned  by  machine. 
It  is  sometimes  found  desirable  to  use  structures  which  can  be  re- 
moved at  the  time  of  major  cleaning  operations.  In  the  process  of 
irrigation,  it  is  often  necessary  to  check  the  water  in  ditches  tempo- 
rarily, and  for  this  purpose  portable  devices  are  used.  The  size  of  the 
head  of  water  used  also  affects  the  construction.  Large  heads  require 
large  ditches  and  structures.  In  this  case  portable  structures  are  not 
practical,  and  it  generally  is  not  economical  to  attempt  to  remove 
structures  for  cleaning  operations.  Every  effort  should  be  made  to  get 
the  correct  layout  on  the  initial  installation. 

Wooden  Structures.  It  has  been  found  that  where  highly  decay- 
resistant  lumber,  such  as  redwood  or  cedar,  or  creosoted  or  otherwise 
treated  material,  is  available,  1-inch  lumber  can  be  used  to  advantage 
for  most  structures.  Where  available,  "five-quarter"  or  full  thickness 
lumber  should  be  used.  Where  untreated  wood  of  the  less  resistant 
species,  such  as  pine  and  fir,  is  used,  it  is  generally  desirable  to 
use  2-inch  lumber.  Rough  lumber  is  generally  satisfactory  for  irriga- 
tion structures.  An  exception  is  the  lumber  which  is  not  sawed  in  uni- 
form widths.  This  lumber  is  troublesome  in  building  flumes  because 
the  sections  do  not  fit  together. 

An  important  factor  to  be  kept  in  mind  in  designing  and  building 
irrigation  control  structures  is  that  they  be  ample  in  size.  Too  often 
the  size  of  the  structure  is  cut  down  in  order  to  economize  on  labor 
and  materials  resulting  in  unnecessary  restriction  in  the  system. 

Probably  the  most  important  structures  are  the  division  boxes 
which  are  placed  at  each  junction  of  two  or  more  farm  ditches. 
Division  boxes  may  be  made  in  the  form  of  T's  or  crosses.  Fig.  47 
shows  a  division  box  which  would  be  suitable  for  the  structure  at  the 
northeast  corner  of  field  A  in  Fig.  40.  This  box  is  designed  to  have 
a  capacity  of  6  cubic  feet  per  second  at  the  inlet  and  through  side 
outlet.  The  outlet  directly  in  line  with  the  inlet  has  a  capacity  of 
2  cubic  feet  per  second.  This  general  design  can  be  followed  in  making 
up  boxes  for  other  uses  and  of  other  sizes.  As  shown,  it  is  made  with 
1-inch  material.  Two-inch  material  could  be  used  with  only  slight 
changes  in  the  dimensions.  It  will  be  noted  that  grooves  are  provided 
for  either  structure  and  cutoff  walls  to  prevent  washing  out. 

Probably  the  most  numerous  structures  on  many  farms  are  the 
checks  and  drops.  The  term  "check"  is  used  where  under  normal 
operation  the  water  flows  through  without  any  change  in  elevation, 
but  when  the  gate  is  shut  the  flow  through  the  structure  is  checked. 
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TYPICAL  DIVISION  BOX 


Fig.  47.    Wooden  division  box.   (Courtesy,  U.  S.  Bureau  of  Reclamation, 

Reference  28.) 


and  the  level  of  the  water  surface  upstream  is  raised.  Care  should  be 
exercised  in  designing  a  check  to  provide  that  the  area  for  water 
passage  thiough  the  check,  when  open,  is  not  less  than  the  water  area 
in  the  ditch.  Where  the  natural  fall  of  the  ground  along  which  a  ditch 
flows  is  so  steep  that  excessive  velocities  would  otherwise  occur, 
drops  at  which  the  grade  of  the  ditch  is  lowered  one  or  more  feet 
vertically  are  set  at  appropriate  spacings. 

In  order  to  keep  the  number  and  height  of  drop  structures  to  a 
minimum,  the  ditch  grade  between  them  should  be  as  steep  as  possible. 
This  grade,  however,  must  not  be  so  steep  as  to  result  in  cutting  of 
the  bed  or  bank  by  the  water  on  account  of  excessive  velocity.  Permis- 
sible velocities  for  different  soils  are  shown  in  Table  X,  and  the 
velocity  for  different  grades  and  ditch  sizes  in  Table  XI.  From  these, 
it  will  be  seen  that  in  firm  soil  the  smaller  ditches  are  safe  with 
grades  up  to  0.5  foot  per  100  feet,  and  any  of  those  used  in  most 
farm  distribution  systems  are  safe  with  grades  of  0.2  foot  per  100  feet 
or  less.  These  grades  can  be  used,  therefore,  between  drops.  If  ad- 
vantage is  to  be  taken  of  these  grades  between  drops,  some  provision 
must  be  made  to  prevent  the  }nill  of  the  water  falling  over  the  drop 
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CHECK   AND  DROP  GATE 
For  irrjgatk)n  streams  under   3cfs. 


Fig.  48.    Wooden  check  and  drop.   (Courtesy,  U.  S.  Bureau  of  Reclamation, 

Reference  28.) 


from  speeding  up  the  flow.  The  best  way  to  do  this  is  to  make  the 
width  of  the  drop  box  less  than  that  of  the  ditch.  Rectangular  drops 
such  as  shown  in  Fig.  48  should  be  made  about  two-thirds  as  wide 
as  the  bottom  of  the  earth  ditch.  Thus,  a  drop  24  inches  wide  should 
be  used  with  a  ditch  36  inches  wide  on  the  bottom.  Another  advantage 
of  this  type  of  construction  is  that  it  keeps  the  depth  of  water  nearly 
the  same  between  drops.  Fig.  48  shows  a  convenient  type  of  combined 
check  and  drop  for  use  in  ditches  which  carry  less  than  3  cubic  feet 
per  second.  The  same  type  but  larger  size  structure  can  be  made 
for  larger  streams  and  for  greater  drops. 

Under  best  conditions,  it  is  convenient  to  use  very  simple  border 
gates.  These  gates  can  be  used  where  the  soil  is  firm  and  where  there 
is  no  drop  from  the  level  of  the  ditch  to  the  land  being  irrigated. 
A  simple  plan  for  such  a  border  gate  is  shown  in  Fig.  49.  Where  the 
soil  is  not  so  firm,  or  there  is  a  drop  from  ditch  to  land,  the  type  of 
gate  shown  in  Fig.  50  can  be  used. 
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2-l"xl2" 


I  'x  6" 


>'  x\2" 


NOTE 

WIDTH-is  determinad  by  ditch 
bonk  center  lin«s. 
HEIGHT-is  determined  by  depth 
of  ditch.    Shallow  ditches  require 
only  12"  cut-off  woll  flush  with 
bottom   of  ditch. 


Runner   Guides 

I"x4"  Filler  Strip 
'/S'x  4"Balten 


BORDER  OR  CHECK  GATE 

For    Irrigotion   Streoms 

3cfs  or  less 


Fig.   49.    Wooden   border   or   check   gate   for   firm   soils.    (Courtesy,    U.    S. 
Bureau  of  Reclamation,  Reference  28.) 

Concrete  Structures  and  Concrete  Pipe  Systems 

For  more  expensive  and  more  permanent  surface  irrigation 
installations  which  reduce  depreciation  and  labor  charges,  struc- 
tures of  concrete  and  various  kinds  of  pipe  are  used.  These  are 
described  in  Reference  28  but  omitted  here  because  few  new 
irrigators  in  the  East  will  Wish  to  install  these  expensive  devices 
until  they  have  made  some  alterations  in  their  systems,  know 
definitely  what  they  want,  and  have  at  least  begun  to  reap 
returns. 
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DELIVERY  GATE,  OR  OUTLET  BOX 

FOR   IRRIGATION   STREAMS 
3cfs  or  less 


Fig.  50.    Wooden  delivery  gate  for  erodible  soils.    (Courtesy,  U.  S.  Bureau 
of  Reclamation,  Reference  28.) 
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APPENDIX  G 

SELECTED  AND  ANNOTATED  REFERENCES 

The  arrangement  is  in  order  of  dates  under  each  subject 
heading.  A  few  numbers  are  omitted  before  each  subject  heading 
to  allow  future  insertions. 

As  major  sources  of  additional  and  later  references  the 
reader  should  consult  Agricultural  Index  after  August  1953  and 
the  U.  S.  Department  of  Agriculture  Librarj^  Bibliography  of 
Agriculture  after  August  1953. 

GENERAL 

1.  Irrigation  Practice  and  Engineering,  Vol.  I,  by  B.  A. 
Etcheverry  and  S.  T.  Harding.  Second  Edition,  McGraw- 
Hill  Book  Company,  1933. 

This  is  one  of  a  three-volume  set  of  authoritative  books 
which  completely  cover  the  subject.  Although  now  somewhat  old 
and  applicable  largely  to  California  conditions,  the  discussion  of 
fundamentals  and  practical  details  is  unexcelled. 

2.  Supplemental  Irrigation  in  Humid  Regions,  by  F.  E. 
Staebner.  Agricultural  Engineering ,  Vol.  18,  pp.  165-8  and 
170,  April,  1937. 

Statistical  review  of  irrigated  acreage  in  humid  regions  of 
the  United  States.  Included  are  irrigation  results,  surface  ir- 
rigation, orchard  irrigation  by  means  of  eyelet  hose,  and 
adaption  of  practice  to  meet  special  conditions.  Useful  histori- 
cally. 

3.  Supplemental  Irrigation  on  the  Atlantic  Coast,  by  F.  E. 
Staebner.  Agricultural  Engineering ,  Vol.  20,  pp.  271-2  and 
276,  July,  1939. 

Brief  survey  of  present  status  of  supplementary  irrigation 
in  eastern  United  States,  and  derivation  of  precipitation  and 
irrigation  indexes. 

4.  Supplemental  Irrigation  in  Missouri,  by  R.  P.  Beasley. 
University  of  Missouri,  Agricultural  Experiment  Station, 
Bulletin  No.  UO,  August,  1939. 

This  bulletin  describes  in  some  detail  most  of  the  supple- 
mental irrigation  existing  in  Missouri  in  1938,  and  provides 
useful  comments  and  advice.  It  must  be  remembered  that  these 
irrigators  pioneered  as  individuals  without  organized  assistance 
and  consequently  could  not  secure  good  results. 

5.  Determining  Index  of  Supplemental  Irrigation  and  Its 
Application,  by  F.  E.  Staebner.  Agricultural  Engineering. 
Vol.  21,  pp.  215-7,  June,  1940. 

Outline    of    methods    developed    by    the    Soil    Conservation 
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Service   for   determining  irrigation   needs   in   Michigan   on   the 
basis  of  normal  rainfall  and  severity  of  drought. 

6.  Thirty  Years  of  Supplemental  Irrigation  Studies,  by  W.  L. 

Powers.    Agricultural    Engineering,    Vol.    21,    pp.    311-2, 

August,  1940. 

Review  of  practice  of  supplemental  irrigation  in  that  part 
of  vi^estern  Oregon  where  annual  rainfall  is  from  38  inches  up- 
ward while  rainfall  for  the  three  summer  months  is  under  two 
inches.  Mr.  Powers  gives  a  more  detailed,  but  earlier,  statement 
in  the  Oregon  State  College,  Agricultural  Experiment  Station, 
Bulletin  No.  302,  June  1932. 

7.  Supplemental  Irrigation,  by  F.  E.  Staebner.  U.  S.  Depart- 
ment of  Agriculture,  Farmer's'  Bulletin  No.  1RA6,  October, 
1940. 

This  bulletin  supersedes  Farmers'  Bulletiyi  No.  1529,  Spray 
Irrigation  in  the  Eastern  States,  and  No.  1635,  Surface  Irriga- 
tion in  the  Eastern  States,  and  includes  material  on  sub- 
irrigation  and  the  new  type  of  portable  sprinkling  irrigation. 

8.  Truck  and  Pasture  Irrigation.  Tennessee  Valley  Authority, 
Commerce  Department,  Agricultural  Engineering  Develop- 
ment Division,  Progress  Report  No.  1,  January,  1941;  and 
Progress  Report  No.  2,  January,  1942. 

In  the  Tennessee  Valley  the  yearly  rainfall  is  approxi- 
mately 50  inches.  However,  it  is  often  unevenly  distributed,  re- 
sulting in  periods  of  drought  during  the  growing  season,  a 
condition  which  greatly  reduces  the  crop  yield. 

9.  Multiple  Purpose  Farm  Ponds.  Missouri  Conservation  Com- 
mission, Bulletin  No.  15,  September,  1943. 

Methods  of  constructing  and  using  ponds. 

10.  Land  Development  for  Irrigation.  U.  S.  Department  of 
Agriculture,  Farm  Security  Administration,  Denver,  Colo- 
rado, 1943. 

11.  Irrigation  of  Arable  Crops  on  a  Rice  Soil,  by  R,  P.  Barthol- 
owmew  et  al.  Arkansas  Agricultural  Experiment  Station, 
Bulletin  No.  Jf55,  June,  1945,  Fayetteville,  Arkansas. 

This  bulletin  describes  an  early  mistake  in  applying  water, 
followed  by  very  successful  results. 

12.  The  Value  of  Supplemental  Irrigation  in  Williamette  Valley, 

by  W.  L.  Powers.  Oregon  Agricultural  Experiment  Station, 
Bulletin  No.  439,  August  1946,  Corvallis,  Oregon. 
A  summary  of  results. 

13.  Truck  and  Pasture  Irrigation.  Tennessee  Valley  Authority. 

Published  in  January  1946,  this  supplements  item  8  above. 
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14.  Farmers'  Irrigation  Guide.  U.  S.  Reclamation  Bureau, 
Conservation  Bulletin  No.  2,  1939.  Revised  1947. 

15.  Drought,  Its  Causes  and  Effects,  by  Ivan  Ray  Tannehill. 
Princeton  University  Press,  1947. 

A  rather  complete  book  on  the  subject  which  leaves  the 
supplemental  irrigationist  without  any  hope  for  relief  except 
by  his  own  efforts. 

16.  Irrigation  for  More  Profits,  by  E.  H.  Davis,  Irrigation 
Engineer.  University  System  of  Georgia,  Georgia  Agricul- 
tural Extension  Service,  Bulletin  54-2,  Revised,  June  1948. 

A  brief  statement  of  irrigation  possibilities  in  Georgia 
where  the  rainfall  is  heavy,  averaging  50  inches,  but  where 
major  and  minor  drought  periods  occur  in  the  spring,  late  sum- 
mer, and  fall  months. 

17.  Results  of  Irrigation  Research  in  Georgia — Parts  I  and  II, 
by  John  R.  Carreker  and  W.  J.  Liddree.  Agricultural  Engi- 
neering, Vol.  29,  pp.  243-44  +,  301-2  +,  June  and  July, 
1948. 

A  statement  of  results  so  far  attained  and  of  research 
necessary  for  supplemental  irrigation  in  Georgia  where  rainfall 
is  heavy,  averaging  50  inches,  but  major  and  minor  drought 
occurs  in  spring,  late  summer,  and  fall. 

18.  A  Handbook  of  Water  Control.  California  Corrugated  Cul- 
vert Company,  Berkeley  and  Los  Angeles,  California,  1949. 

A  portion  of  this  recent  book  is  devoted  to  developing,  con- 
veying, and  applying  water  for  irrigation,  especially  by  the 
sprinkling  method  and  by  portable  pipes.  May  also  be  secured 
from  Armco  Drainage  and  Metal  Products,  Middletown,  Ohio. 

19.  Farm  Ponds  in  Missouri,  by  Marion  W.  Clark.  University 
of  Missouri,  Agricultural  Extension  Service,  Circular  No. 
583,  Januarj/,  1950. 

Method  of  constructing  and  using  ponds,  including  brief 
statement  of  use  for  irrigation. 

20.  Moisture  Requirements  in  Agriculture — Farm  Irrigation, 
by  Harry  Burgess  Roe.  McGraw-Hill  Book  Company,  1950. 

A  general  textbook  treatment  of  irrigation. 

21.  Irrigation  Principles  and  Practices,  by  Orson  W.  Israelsen. 
Second  Edition,  John  Wiley  and  Sons,  1950. 

An  excellent  up-to-date  summary  of  present  practices,  in- 
cluding a  chapter  on  irrigation  in  humid  climates. 

22.  Report  of  the  Steering  Committee  on  Supplemental  Irriga- 
tion, by  James  Turnbull  et  al.  Southeast  Section,  American 
Society  of  Agricultural  Engineers,  1949.  Mimeographed. 

28.    Frenchman — Cambridge  Development  Farm,  by  various  co- 
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operating  governmental  agencies,  Extension  Service,  Uni- 
versity of  Nebraska,  College  of  Agriculture,  Lincoln,  1950. 
This  reference  describes  the  most  satisfactory  type  of  an 
owner-manag-ed  farm  developed  and  operated  under  the  best 
available  governmental  advisory  services.  It  serves  as  a  demon- 
stration and  experimental  farm  taking  into  account  the  v^^hole 
balanced  farm  management,  not  simply  plot  studies,  and  describes 
a  full-scale,  over-all  operation. 

24.  Irrigation,  the  Midwest's  Newest  Help,  by  D.  Hanson. 
Successful  Farming,  Vol.  48,  pp.  44-45,  August,  1950. 

A  good  popular  article. 

25.  A  practical  Soil  Moisture  Meter  as  a  Scientific  Guide  to 
Irrigation  Practices,  by  G.  J.  Bouyoucos.  Agronomy 
Journal,  Vol.  42,  pp.  104-7,  February,  1950. 

26.  Determining  Water  Requirements  in  Irrigated  Areas  from 
Climatological  and  Irrigation  Data,  by  H.  F.  Blaney  and 
W.  D.  Griddle.  U.  S.  Department  of  Agriculture,  Soil  Con- 
servation Service,  SCS— TP— 96,  August,  1950. 

27.  Irrigation  Engineering,  Vol.  I,  Agricultural  and  Hydrologi- 
cal  Phases,  by  Ivan  E.  Houk.  John  Wiley  and  Sons,  1951. 

A  general  treatise  on  irrigation  with  little  attention  to 
supplemental  irrigation. 

28.  Irrigation  Advisers'  Guide.  U.  S.  Bureau  of  Reclamation, 
1951. 

Excellent  and  authoritative  information  for  irrigators  in 
the  West,  much  of  which  is  applicable  to  supplemental  irrigation 
in  the  East.  Especially  good  for  land  leveling  procedure  and  for 
surface  irrigation.  Quoted  in  Appendixes. 

29.  Irrigation  Reports  of  the  Arkansas,  White,  and  Red  River 
Basins,  by  the  Inter-Agency  Committee,  1951  and  1952. 
Mimeographed.  Separate  reports  for  Arkansas,  Missouri, 
Oklahoma,  and  Texas. 

These  reports  summarize  the  present  and  potential  irriga- 
tion development  in  that  portion  of  the  states  in  the  Arkansas, 
White,  and  Red  River  basins. 

30.  Design  and  Evaluation  of  a  Modified  Evapotranspirometer, 
by  John  R.  Mather.  Johns  Hopkins  University,  Laboratory 
of  Climatology,  Interim  Report  No.  15,  Seabrook,  New 
Jersey,  September,  1951. 

Details  of  construction  and  operation.  This  is  useful  for 
the  procedures  by  Thornthwaite  and  is  approved  by  him. 

31.  Supplemental  Irrigation  in  Michigan.  Michigan  State  Col- 
lege, Agricultural  Extension,  Bulletin  309,  February,  1952. 

A  good  brief  30-page  description  of  Michigan  practice. 


192  Irrigation  for  Eastern  United  States 

32.  The  Water  Balance  in  Arid  and  Semi- Arid  Climates,  by 

C.  W.  Thornthwaite.  Johns  Hopkins  University,  Laboratory 
of  Climatology,  Seabrook,  New  Jersey,  February,  1952. 

The  theory  underlying  Thornthwaite's  theory  of  scheduling 
irrigation. 

33.  Turn  Water  Into  Dollars,  by  Associate  Dean  Paul  W.  Chap- 
man, Georgia  College  of  Agriculture.  The  Progressive 
Farmer,  Vol.  67,  No.  5,  May,  1952,  page  62. 

An  excellent  popular  treatment. 
38A.  Irrigation  Water  Rights  in  the  Humid  Areas,  by  Howard  T. 
Critchlow.  American  Society  of  Civil  Engineers,  Proceed- 
ings, Separate,  Vol.  78,  No.  140,  July,  1952. 

The  article  tells  of  the  varied  and  indefinite  status  in  many 
states. 

34.  Climate  in  Relation  to  Planting  and  Irrigation  of  Ve^^etable 
Crops,  by  C.  W.  Thornthwaite.  Johns  Hopkins  University, 
Laboratory  of  Climatology,  Seabrook,  New  Jersey,  April, 
1952.  Prepared  for  the  XVH  International  Geographical 
Congress,  Section  of  Climatology,  Washington,  D.  C, 
August,  1952. 

A  highly  scientific  and  new  treatment  of  plant  growth, 
development,  and  water  needs. 

35.  Evapotranspiration  Estimates  as  Criteria  for  Determining 
Time  of  Irrigation,  by  C.  H.  M.  von  Bavel  and  T.  V.  Wilson. 
Agricultural  Engineering,  Vol.  33,  No.  7,  pp.  417-420,  July, 
1952. 

An  explanation  of  Thornthwaite's  methods,  but  read  also 
Reference  36  for  further  enlightenment. 

36.  Determining  Time  and   Amount   of   Irrigation,  by   D.   B. 

Krimgold.    Agricultural    Engineering,    Vol.    33,    No.    11, 

pp.  705-707,  November,  1952. 

This  article  endorses  and  elaborates  on  the  simple  and 
practical  application  of  Thornthwaite's  procedure  for  scheduling 
irrigation  and  planting  as  given  in  Reference  34.  It  contains  a 
good  recent  bibliography  as  a  background  for  Thornthwaite's 
theories. 

37.  Climate  and  Scientific  Irrigation  in  New  Jersey,  by  C.  W. 
Thornthwaite.  Johns  Hopkins  University,  Laboratory  of 
Climatology,  Seabrook,  New  Jersey,  Publications  in  Clima- 
tology, Vol.  VI,  No.  1,  January,  1953. 

Supporting  theory  for  Thornthwaite's  theory  of  scheduling 
irrigation. 

38.  Biggest  Yields  They  Ever  Harvested,  by  F.  J.  Hurst.  The 
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Progressive  Farmer,  Vol.  68,  No.  2,  pp.  19  and  28,  Feb- 
ruary, 1953. 

A   resume   of  astounding  irrigation   results  in   Mississippi 

during  the  1952  drought.  Old  timers  said  it  was  the  driest  year 

they  ever  saw. 

39.  Mississippi  is  Not  All  Wet,  by  Burke  C.  Murphy.  Irrigation 
Engineering  and  Maintenance ,  Vol.  3,  No.  1,  pp.  10-11, 
April,  1953. 

With  an  average  annual  rainfall  of  over  50  inches,  supple- 
mental irrigation  increases  yields  as  much  as  S200  per  acre. 
Fertilization  and  close  plant  spacing  bring  results. 

40.  Supplemental  Irrigation  in  Michigan,  by  E.  H.  Kidder  and 
J.  R.  Davis.  Presented  at  the  June  1953  meeting  of  the 
American  Society  of  Agricultural  Engineers  and  author- 
ized for  publication  as  Journal  Paper  1521  of  the  Michigan 
Agricultural  Experiment  Station,  East  Lansing. 

The  paper  describes  the  conditions  throughout  the  State 
that  brought  about  the  present  irrigation  development  and 
presents  results  of  irrigation  research. 

40A.  Evaluating   Irrigation   Needs   in  Humid  Areas,   by  E.   R. 

Allred  and  Robert  Chen.  Agricultural  Engineering ,  Vol.  34, 
No.  9,  pp.  611-615,  619,  September,  1953. 

Using  IBM  weather  data,  a  scientific  approach  is  made  to 
determining  the  need  for  irrigation  of  certain  crops  in  Minne- 
sota. The  article  is  useful  mainly  for  meteorological  studies. 

41.  The  Place  of  Supplemental  Irrigation  in  Postwar  Planning, 

by  C.  W.  Thornthwaite,  Johns  Hopkins  University,  Labora* 
tory  of  Climatology,  Seabrook,  New  Jersey,  Publications  in 
Climatology ,  Vol.  VI,  No.  2,  September,  1953. 

Perhaps  the  best  explanation  in  some  detail  of  the  theories 
of  Dr.  Thornthwaite  regarding  the  need  for,  and  timing  of, 
irrigation  as  affected  by  evaporation  and  transpiration.  It  must 
be  read  carefully  if  one  is  to  understand  the  scheduling  of 
irrigation  and  of  crops  for  efficient  production.  It  contains 
a  bibliography  of  all  publications  of  the  Laboratory. 

See  also  references  53,  58,  66,  102,  152,  156,  158,  210,. 
and  211. 

42.  Increased  Yields  with  Water,  by  a  Committee  of  the  Agri- 
cultural Experiment  Station  of  the  University  of  Missouri. 
To  be  published  as  a  bulletin  of  the  Station  by  March,  1954. 

It  will  report  studies  since  1948  on  claypan  soil,  since  1952 
on  alluvial  soils  of  Southeast  Missouri,  and  perhaps  others. 
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SPECIAL  CROPS 

51.  Irrigation  of  Vegetable  Crops.  Gardner  Chronicle  (London) 
Vol.  97,  p.  389,  January  15,  1935. 

A  biief  summary  of  British  practices. 

52.  Influence    of    Irrigation    on    Important    Small    Fruits,    by 

W.   S.   Brown.   Oregon   Agricultural   Experiment   Station, 

Bulletin  No.  3^7,  pp.  1-37,  June,  1936. 

This  bulletin  gives  results  of  a  10-year  expeiiment  with 
loganberries,  evergreen  blackberries,  red  raspberries,  black 
raspberries,  and  strawberries  as  to  yields,  quality,  costs  of  pro- 
duction and  harvesting,  gross  income,  and  net  profits.  Conducted 
in  the  Williamette  Valley,  Oregon,  where  the  average  rainfall 
for  five  summer  months  is  six  inches. 

53.  Farmers'  Irrigation  Guide.  U.  S.  Reclamation  Bureau, 
Conservation  Bulletin  No.  2,  1939.  Revised  1947. 

54.  Irrigation  Practices  in  Growing  Alfalfa.  U.  S.  Department 
of  Agriculture,  Farmers'  Bulletin  No.  1630.  1940. 

A  discussion  of  the  type  of  irrigation  suitable  for  the 
growing  of  alfalfa.  This  bulletin  is  a  revision  of  Farmers' 
Bulletin  No.  865,  Irrigation  of  Alfalfa. 

55.  Orchard  Irrigation,  by  Samuel  Fortier.  U.  S.  Department 
of  Agriculture,  Farmers'  Bulletin  No.  1518,  1940. 

The  profits  from  an  irrigated  orchard  are  dependent  upon  a 
uniform  distribution  of  water  on  the  surface  and  a  proper  con- 
trol of  soil  moisture  from  the  root  zone  of  the  trees.  Many 
failures  are  directly  traceable  to  insufficiency  of  water  supply  or 
the  manner  in  which  it  is  controlled  and  distributed.  This  bul- 
letin is  a  revision  of  Farmers'  Bulletin  No.  882;  Irrigation  of 
Orchards. 

56.  Irrigation  of  Small  Grain,  by  W.  W.  McLaughlin.  U.  S. 
Department  of  Agriculture,  Farmers'  Bulletin  No.  1556, 
1940. 

Methods  of  wild  flooding,  the  border  and  corrugation 
methods  in  irrigating  small  grain,  are  discussed  in  this  bulletin, 
as  are  also  the  preparation  of  the  land  for  irrigation,  the  proper 
time  to  apply  the  water,  and  the  quantity  of  water  required. 
This  bulletin  is  a  revision  of  Farmers'  Bulletin  No.  86S,  Irriga- 
tion of  grain. 

57.  Irrigation  (Horticulture).  Georgia  Agricultural  Station, 
Annual  Reports,  No.  58,  p.  104,  1946,  and  No.  59,  p.  119, 
1947. 

58.  Irrigated  Soils,  by  D.  W.  Thorn  and  H.  D.  Peterson.  The 
Blackiston  Company,  Philadelphia,  1949. 

59.  Sprinkler  Irrigation  Costs  for  Vegetable  Crops  in  the 
Willamette  Valley,  Oregon,  by  M.   H.   Becker  and  D.   C. 
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Mumford.  Oregon  Agricultural  Experiment  Station,  Bul- 
letin No.  Jf63,  pp.  1-20,  1949. 

A  comprehensive  study  of  costs  on  137  small  acreages. 

60.  Irrigated  Pastures,  by  J.  G.  Hamilton.  U.  S.  Department  of 
Agriculture,  Farmers'  Bulletin,  No.  1973,  1949. 

61.  Irrigated  Pastures  in  California,  by  Burle  J.  Jones  and 
J.  B.  Brown,  revised  by  M.  D.  Miller  and  L.  J.  Booher. 
California  Agricultural  Extension  Service,  Circular  125, 
1950,  University  of  California,  College  of  Agriculture, 
Berkeley. 

More  than  600,000  acres  exist  in  California,  using  shallow 
rooted  grasses  and  legumes. 

62.  Value  of  Irrigation  with  Different  Fertility  Treatments  for 
Vegetable  Crops,  by  L.  M.  Ware  and  W.  A.  Johnson. 
Alabama  Polytechnic  Institute,  Agricultural  Experiment 
Station,  Bulletin  No.  276,  June,  1950,  Auburn,  Alabama. 

Discusses  in  detail  the  cumulative  effect  of  irrigation  w^ith 
increasing  amounts  of  commercial  and  organic  fertilizer.  Re- 
sults were  satisfactory  over  a  comprehensive  11-year  experiment. 

63.  Investigation  of  Pasture  Irrigation.  Dixon  Springs  Experi- 
ment Station,  U.S.D.A.,  Robbs,  Illinois.  Experiment  19, 
September,  1950. 

A  detail  report  with  summary  on  a  five-acre  plot,  including 
fertilization  and   pasture  operation. 

64.  Supplemental  Irrigation  for  Pasture,  by  R.  W.  Whitaker 
and  W.  F.  Lytle.  Agricultural  Engineering ,  Vol.  32,  pp.  163- 
5,  March,  1951. 

A  five-acre  plot  in  Southern  Illinois  shows  promising  results. 

65.  Irrigation  for  Truck  Crops,  by  John  A.  Campbell. 
Mississippi  Agricultural  Experiment  Station,  Circular  163, 
November,  1951,  State  College,  Mississippi. 

66.  Are  Little  "Dry"  Days  the  Real  Corn  Robbers?  by  Glenn 
Cunningham.  loiva  Farm  and  Home  Register,  December  2, 
1951. 

The  theory  of  Colonel  C.  R.  Pettis  that  short  rainless  pe- 
riods during  the  crop  season  are  costing  Iowa  farmers  millions 
of  bushels  of  corn  in  the  average  year.  The  article  explains  his 
newly  developed  theory  of  when  and  how  much  to  irrigate,  what 
crop  losses  occur  nearly  every  year  due  to  lack  of  rain,  etc. 

67.  Irrigation  of  Vegetable  Crops  in  Southeast  Missouri,  by 
Isaac  Jack  Wahba.  Master's  Thesis,  University  of  Missouri, 
College  of  Agriculture,  1952. 

A   well-planned   and   well-executed,    one-season    experiment 
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on  50  acres  of  very  flat  land,  using  modern  methods.  Rainfall 
is  heavy  but  imperfectly  distributed. 

68.  Irrigated  Pastures  in  the  Midwest.  Faim  Quarterly,  Vol.  7, 
pp.  58-59  and  110-111,  Spring,  1952. 

A  good  general  statement  of  the  values  of  irrigated 
pastures,  especially  where  sprinkled. 

69.  Water  on  Pasture  Boosts  Milk  Output,  by  A.  G.  Van  Horn 
and  R.  H.  Lush.  Tennessee  Agricultural  Experiment  Sta- 
tion, Farm  and  Home  Science  Progress  Report,  Vol.  2,  p.  6, 
April,  1952. 

At  the  Lewisburg,  Tennessee  Experiment  Station  in  1951, 
24  inches  of  irrigation  water  was  applied  to  pasture  because  of 
a  bad  drought.  The  increased  value  of  milk  produced  was  $121 
per  acre  more  from  irrigated  pasture  than  from  a  similar  non- 
irrigated  pasture.  This  corresponded  closely  with  results  over  a 
four-year  period,  1945-48,  at  the  Columbia,  Tennessee  Experi- 
ment Station. 

70.  Effective  Methods  of  Irrigating  Southeastern  Pastures,  by 

W.  J.   Liddell.  Irrigation  Engineering  and  Maintenance, 
Vol.  3,  No.  1,  page  16  et  seq.,  April,  1953. 

This  article  lists  several  other  publications  on  irrigated 
pastures,  and  is  a  good  brief  summary. 

71.    How  To  Irrigate  Corn,  by  L.  B.  Nelson.  Farm  Journal,  Vol. 

77,  No.  4,  April,  1953. 

Results  of  four  years  of  experimenting  at  Scotts  Bluff, 
Nebraska.  The  yields  were  doubled,  but  many  details  must  be 
observed. 

72.  Pointers  on  Irrigation.  American  Fruit  Grower,  June,  1953. 

An  issue  devoted  to  irrigation  for  the  fruit  grower. 

73.  Irrigated  Pastures.  National  Live  Stock  Producer,  June, 
1953. 

A  summary  of  irrigated  pasture  practices  and  returns  in 
Colorado. 

In  general,  irrigated  pastures  should  yield  as  much  feed 
nutrients  per  acre  as  alfalfa  with  no  more  labor  or  irrigation. 
They  should  give  greater  economic  return  because  livestock 
harvest  the  feed. 

74.  Irrigating  Small  Acreages,  by  John  R.  Davis.  Extension 
Bulletin  320,  Michigan  State  College,  East  Lansing,  May, 
1953. 

Excellent  directions  for  truck  gardening  on  small  acreages. 
A  good  summary. 

75.  Irrigation — Your  Next  Big  Step  to  More  Corn,  by  G.  D. 
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Johnson.  Successful  Farming,  Vol.  51,  No.  7,  pp.  43  and  68 
July,  1953. 

If   acreage   allotments   are    imposed,   every   bushel    will    be 

squeezed  from  an  acre.  In  this  article  are  examples  of  methods, 

yields,  costs,  and  profits  in  the  Corn  Belt. 
See  also  references  4,  6,  7,  8,  11, 12,  13,  and  102. 
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PUMPING 

101.  Equipping  a  Small  Irrigation  Pumping  Plant,  by  W.  E.  Code. 
Colorado  Agricultural  Experiment  Station,  Bulletin  No. 
i33,  September,  1936. 

A  fairly  thorough  discussion  of  the  design  of  the  pumping 
plant  including  gasoline,  Diesel,  and  electric  power;  power 
drives;  suction  pumping;  and  discharge.  Examples  are  given. 

102.  Irrigation  by  Pumping  from  Wells,  by  H.  W.  Gerlach.  Iowa 
State  Horticultural  Society,  Transactions,  Vol.  72,  pp.  360- 
2,  1937. 

This  reference  and  additional  articles  on  pages  304  and 
357-9  deal  with  pumping  water  and  with  growing  cantaloupes, 
tomatoes,  strawberries,  and  other  crops  under  irrigation  in  Iowa. 
Experience  with  a  homemade  porous-hose  installation  and  with 
sprinkling  are  described. 

103.  Small  Irrigation  Pumping  Plants,  by  Carl  Rohwer  and  M.  R. 
Lewis.  U.  S.  Department  of  Agriculture,  Farmers'  Bulletin 
No.  1857,  December,  1940. 

Throughout  the  United  States  are  many  farms  which  could 
be  irrigated  by  pumping  from  either  ponds,  streams,  or  farm 
wells.  This  bulletin  is  intended  to  furnish  owners  or  operators 
of  such  farms  with  information  that  will  give  costs  and  enable 
them  to  determine  whether  soil  and  water  suitable  for  irrigation 
are  available  and  what  kind  of  irrigation  plant  and  equipment 
will  be  most  satisfactory  for  the  purpose.  This  bulletin  super- 
sedes Farmers'  Bulletin  No.  IJ^O^,  Pumping  from  Wells  and 
Irrigation. 

104.  Diesel  Irrigation,  by  W.  H.  Fullerton.  Diesel  Progress, 
Vol.  7,  pp.  30-1,  April,  1941. 

Illustrated  description  of  pumping  equipment  installed  near 
Duncan,  Arizona.  Eight  engines  include  four  different  models 
of  Cummins  Diesels.  All  pumps  are  Johnston  turbines  equipped 
with  Johnston  gear  head. 

105.  Putting  Down  and  Developing  Wells  for  Irrigation,  by  Carl 
Rohwer.  U.  S.  Department  of  Agriculture,  Circular  No.  5^6, 
February,  1940.  Slightly  revised  March,  1941. 

Large  quantities  of  water  are  stored  beneath  the  surface 
of  the  ground  in  layers  of  saturated  sand  and  gravel.  The  most 
feasible  method  of  recovering  this  water  is  by  pumping  from 
wells,  and  for  this  purpose  wells  capable  of  supplying  large 
quantities  of  water  at  a  reasonable  cost  are  required.  This 
bulletin  furnishes  comprehensive  information  concerning  .these 
wells. 

106.  Gas  Engines  as  Citrus  Insurance,  by  J.  Medford.  Diesel 
Progress,  Vol.  8,  p.  53,  August,  1942. 

Experience    of    Etiwanda    Water    Company,    California    in 
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providing  emergency  water  supply  for  orange  growers.  Deep 
well  pumping  by  Washington  gas  engines  offered  the  solution 
to  a  serious  problem. 

107.  Antelope  Valley  Farmers  Profit  from  Irrigation,  by  M.  D. 
Pugh.  Dieesel  Power,  Vol.  21,  pp.  713-4,  August,  1943. 

Less  than  one-third  of  the  valley  is  under  cultivation.  At 
the  present  time  there  are  about  60  Diesel  powered  pumping 
plants  in  the  valley.  Diesels  are  largely  of  the  slow  speed  type, 
for  the  most  part  being  single-cylinder  units  of  60  to  75  horse 
power,  and  are  found  sufficient  for  irrigating  an  average  of 
80  acres. 

108.  Design  and  Operation  of  Small  Irrigation  Pumping  Plants, 

by  Carl  Rohwer.  U.  S.  Department  of  Agriculture,  Circular 

No.  678,  October,  1943. 

This  bulletin  is  intended  to  furnish  information  necessary 
in  keeping  small  irrigation  pumping  plants,  indispensable  dur- 
ing the  present  emergency,  operating  at  high  efficiency. 

109.  Pumping  for  Irrigation,  by  Ivan  Wood.  U.  S.  Department  of 
Agriculture,  Soil  Conservation  Service,  1950. 

110.  Irrigation  Pumps,  by  C.  N.  Johnston.  California  Agricul- 
tural Experiment  Station,  Circular  il5,  August,  1952,  54  p. 

The  best  recent  treatment  of  irrigation  pumps,  their  special 
characteristics    or    attributes,    their    application    to    wells,    the 
economics  of  pumping,  and   the   care  and  maintenance   of  the 
equipment. 
See  also  references  1,  18,  21,  59,  201,  203,  and  216. 
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SURFACE  IRRIGATION 

151.  The  Corrugation  Method  of  Irrigation.  U.  S.  Department 
of  Agriculture,  Farmers'  Bulletin  No.  ISJiS.  Revised  Oc- 
tober, 1931. 

The  corrugation  method  of  irrigation  is  more  adapted  for 
application  of  water  to  steep  or  irregular  slopes,  or  where  the 
family  is  required  to  use  a  small  stream  of  water,  or  for  new 
land  which  has  not  yet  been  thoroughly  prepared  for  irrigation. 
It  may  sometimes  be  used  to  aid  in  conjunction  with  the  border 
method  of  irrigation  as  a  means  of  spreading  water  evenly  over 
the  border  strip.  This  bulletin  describes  the  most  approved  prac- 
tices to  be  followed  when  the  corrugation  method  is  employed 
and  points  out  its  advantages  and  limitations.  Though  old,  this 
bulletin  is  still  useful. 

152.  The  Subdivision  of  Irrigated  Land,  by  P.  A.  Welty.  Civil 
Engineering ,  May  1932,  pages  295-298. 

Shows  that  irrigation  layouts  that  fit  topography  are  only 
two-thirds  as  costly  as  rectangular  layouts.  It  is  fair  to  assume 
that  leveling  and  irrigation  will  be  similarly  cheaper. 

153.  Porous  Hose  Irrigation,  by  0.  E.  Robey.  Michigan  State 
College,  Extension  Division,  Bulletin  No.  133,  July,  1933. 

This  is  a  discussion  of  the  need  for  irrigation  in  Michigan, 
the  use  of  porous  hose  for  distributing  the  water,  the  improved 
quality  and  quantity  of  crops,  the  selection  of  pumps  and  equip- 
ment, and  the  cost  of  irrigating.  It  appears  to  have  been  applied 
on  areas  of  ten  acres  or  less. 

154.  Development  of  Porous  Hose  Method  of  Irrigation  in 
Michigan,  by  0.  E.  Robey.  Agricultural  Engineering ,  Vol. 
15,  pp.  382-3,  August,  1934. 

Distribution  of  irrigation  water  by  means  of  porous  canvas 
pipe  2%  inches  in  diameter  laid  along  the  center  row  of  truck 
gardens. 

155.  The  Border  Method  of  Irrigation,  by  Samuel  Fortier.  U.  S. 
Department  of  Agriculture,  Farmers'  Bulletin  No.  12U3. 
Revised  October,  1937. 

The  border  method  of  irrigation  described  in  this  bulletin, 
while  but  one  of  the  several  methods  followed  in  western  states, 
is  well  adapted  to  a  variety  of  soils  and  crops  and  is  growing 
rapidly  in  public  favor. 

156.  First  Aid  for  Irrigator.  U.  S.  Department  of  Agriculture, 
Farm  Security  Administration,  Office  of  Area  Engineer  of 
Water  Conservation  and  Utilization,  Denver,  Colorado, 
May,  1943. 

This  is  an  excellent  set  of  whiteprint  plans  dravvTi  in 
perspective  projection  giving  detailed  instructions  for  distribut- 
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ing  irrigating  water.  Many  of  these  plans  are  used  as  illustra- 
tions in  the  foregoing  pages. 

157.  A  Practical  Method  of  Determining  Proper  Lengths  of 
Runs,  Size  of  Furrow  Streams,  and  Spacing  of  Furrows  on 
Irrigated  Lands,  by  Wayne  D.  Criddle.  U.  S.  Department 
of  Agriculture,  Soil  Conservation  Service,  1949. 

158.  Land  Preparation  for  Irrigation  and  Drainage,  by  Ivan 
Wood.  Presented  at  the  winter  meeting  of  the  American 
Society  of  Agricultural  Engineers,  Chicago,  December 
1950. 

Irrigation  and  drainage  are  combined  at  little  additional 
cost  in  Iowa  and  elsewhere. 

159.  The  Border  Method  of  Irrigation,  by  J.  C.  Marr.  California 
Agricultural  Experiment  Station,  Circular  W8,  March, 
1952,  23  p. 

A  detailed  explanation  of  this  popular  and  efficient  method. 
See  also  references,  1,  7,  14,  23,  28,  31,  53  to  56  inclusive 
and  102. 

160.  Contour  Furrow  Irrigation,  by  Karl  0.  Kohler,  Jr.  U.  S.  De- 
partment of  Agriculture,  Soil  Conservation  Service,  Leaflet 
3U2,  September,  1953,  8  p. 

Explains  the  advantages,  disadvantages,  and  precautions  to 
be  observed.  The  method  is  useful  for  certain  soils,  topography, 
and  row  crops. 
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SPRINKLING 

201.  Drought  Protection  by  Spray  Irrigation,  by  K.  Laux.  Engi- 
neering Progress,  Vol.  17,  pp.  378-9,  December,  1936. 

Description  of  portable  Perrot-Deutz  Diesel  pump  for 
spray  irrigation  from  open  bodies  of  water;  data  on  overhead 
irrigation  practice. 

202.  Irrigation  by  Sprinkling,  by  J,  E.  Christiansen.  Agricultural 
Engineering,  Vol.  18,  pp.  533-8,  December,  1937. 

Report  on  the  University  of  California  experimental  study 
of  irrigation  sprinkling  with  portable  systems.  This  study  gives 
uniformity  of  distribution,  evaporation  losses,  hydraulic  char- 
acteristics, costs,  and  ground  conditions  for  success  in  a 
sprinkler  system. 

203.  Sprinkler  Irrigation  in  Humid  Sections  of  Oregon,  by  F.  E. 

Price.  Agricultural  Engineering,  Vol.  19,  pp.  161-2,  April, 
1938. 

Review  of   expansion   of   overhead    irrigation   of  vegetable 

crops  in  Western  Oregon  during  recent  years.  Examples  of  use 

and  cost. 

204.  Low  Pressure  Sprinkler  Irrigation,  by  F.  W.  Duffer.  Agri- 
cultural Engineering,  Vol.  20,  pp.  97-8,  March,  1939. 

Engineering  and  cost  data  on  the  construction  and  opera- 
tion of  portable  rotary  sprinkler  systems  of  irrigation. 

205.  Hydraulics  of  Sprinkling  Systems  for  Irrigation,  by  J.  E. 

Christiansen.   Agricultural  Engineering ,   Vol.    22,    p.   89, 
March,  1941. 

Uniformity  of  application  of  water  by  sprinkling  systems. 
Spacing,  arrangement,  and  operation  of  irrigation  sprinklers  so 
that  there  can  be  absorption  without  run-off. 

206.  Hydraulics  of  Sprinkling  Systems  for  Irrigation,  by  J.  E. 

Christiansen.  American  Society  of  Civil  Engineers,  Trans- 
actions, 1942,  pp.  221-39,  240-50,  586. 

Describes  low-cost  portable  systems  with  respect  to  (1)  the 
hydraulic  characteristics  of  rotating  sprinklers,  (2)  loss  of 
water  by  evaporation,  and  (3)  the  hydraulic  characteristics  of 
sprinkler  lines. 

207.  Irrigation  by  Sprinkling,  by  J.  E.  Christiansen.  University 
of  California,  Bulletin  670,  1942. 

208.  Design  of  Sprinkler  Irrigation  Systems,  by  Albert  Molenaar. 
State  College  of  Washington,  1948. 

209.  Design  Procedure  for  Portable  Sprinkler  Irrigation,  by 
A.  W.  McCullough.  Agricultural  Engineering,  Vol.  30, 
pp.  23-28,  January,  1949. 
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210.  Sprinkler  Irrigation.  U.  S.  Bureau  of  Reclamation.  Revised 
December,  1949. 

A  general  and  fundamental  treatment. 

211.  Sprinkler  Irrigation,  Fortune  Magazine,  June,  19-50. 

An  up-to-date  popular  treatment. 

212.  Pipeline  to  Profit — Portable  Sprinkler  Irrigation,  by  the 
Aluminum  Company  of  America,  1951. 

A  conservative  and  brief  summary.  Shows  several  typical 
layouts  for  portable  pipe  sprinkler  systems. 

213.  Sprinkler  Irrigation,  by  Oregon  State  College,  Corvallis; 
State  College  of  Washington,  Pullman;  and  University  of 
Idaho,  MoscoAv ;  1952. 

An  excellent  brief,  popular  treatment. 

214.  Sprinkler  Irrigation  Handbook,  by  Rain  Bird  Sprinkler 
Manufacturing  Company,  Glendora,  California,  1952. 

An  excellent,  late,  and  rather  complete  treatment  of  sprin- 
kler system  information  and  usage.  Perhaps  the  best  handbook 
by  a  commercial  company. 

214A.  Effects  of  Irrigation  Droplet  Size  on  Infiltration  and 
Aggregate  Breakdown,  by  G.  Levine.  Agricultural  Engi- 
neering, Vol.  33,  No.  9,  pp.  559-560,  September,  1952. 

Size  of  drops  from  sprinkler  systems  were  varied,  showing 
that  the  size  is  of  importance  when  designing  a  sprinkler  system. 

215.  From  the  Old  to  the  New,  by  Gordon  P.  Hawkins.  Irrigation 
and  Maintenance,  Vol.  3,  No.  1,  page  6  et  seq.,  April,  1953. 

Sprinkling  has  replaced  surface  irrigation  in  parts  of  the 
Spokane  Valley,  Washington.  In  some  cases  groups  of  farmers 
are  being  served  by  one  set  of  pumps  and  pressure  mains. 

216.  Irrigation  in  the  East,  by  Frank  Miner,  delivered  at  the 
Washington,  D.  C.  Section,  American  Society  of  Agricul- 
ture Engineers,  December,  1952. 

A  good  general  summary  with  a  detailed  example. 

217.  Standards  for  Design,  Installation,  and  Performance  of 
Sprinkler  Irrigation  Equipment,  by  the  Sprinkler  Irrigation 
Association  and  the  Sub-committee  on  Sprinkler  Irrigation 
of  the  Committee  on  Irrigation,  Soil  and  Water  Division, 
American  Society  of  Agricultural  Engineers.  Irrigation 
Engineering  and  Maintenance,  Vol.  3,  No.  2,  page  16  et  seq., 
May,  1953. 

These  standards,  including  the  responsibilities  of  both  the 
buyer  and  seller,  have  been  approved  by  both  of  the  foregoing 
organizations  in  November,  1952  and  February,  1953.  Some 
irrigation   advisers   and   experts   recommend   only   suppliers   of 
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irrigation  equipment  who  agree  to  operate  in  accordance  with 
the  foregoing  "Standards  etc."  See  pages  84  to  87  of  this  book. 

218.  Secondhand  Rain.  Farm  Management,  Vol.  2,  No.  7,  pp.  46- 
63,  June,  1953. 

The  advantages  and  disadvantages  of  sprinkler  irrigation 
how  sprinklers  work,  selecting  the  system,  costs,  conservation 
values,  and  suggestions  for  pump  purchasers. 

An  excellent,  full,  up-to-date  treatment. 

219.  Sprinkler  Irrigation  Costs  and  Practices,  by  M.  H.  Becker. 
Oregon  Agricultural  Experiment  Station,  Bulletin  532, 
1953,  24  p. 

Covers  the  year  1950  in  the  Willamette  Valley,  Oregon. 

220.  For  Hale  and  Hearty  Acres,  by  Crysler  Industrial  Engines. 
Engineering  News-Record,  p.  79,  Nov.  12,  1953. 

An  advertisement  describing  70  acres  of  corn  and  50  acres 
of  soybeans  irrigated  by  sprinkling  during  the  very  dry  summer 
of  1953  near  Williamsburg,  Virginia.  Water  from  the  James 
River  was  pumped  at  the  rate  of  960  gallons  per  minute,  14 
hours  per  day,  7  days  per  week.  Not  only  did  this  farmer  save 
his  crops  during  an  especially  dry  season  but  the  yields  were 
increased   100  per  cent  over  normal  yields. 

221.  Commercial  Irrigation  Companies. 

Such  companies  will  furnish  literature,  designs,  estimates, 
and  bids  on  sprinkling  systems. 
See  also  references  7,  12,  13,  18,  28,  59,  63,  64,  67,  68, 
102,  and  110. 
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FILMS 

These  apply  largely  to  western  irrigation  but  they  are  also 
adaptable  to  eastern  supplemental  irrigation. 

251.  Irrigated  Pastures.  Prepared  by  U.  S.  Bureau  of  Reclama- 
tion, 1943.  (Sound,  color,  free-loan,  25  minutes.) 

Illustrates  methods  of  irrigating  pastures. 

252.  Irrigation  Farming.  Prepared  by  the  U.  S.  Department  of 
Agriculture,  1945.  (2  reels,  16  mm.  and  35  mm.,  sound,  b/w. 
17  minutes.) 

Presents  some  irrigation  problems  and  their  solution  in 
southwestern  states.  Emphasizes  the  need  of  a  well-planned 
layout  and  water  control  system  in  irrigation  farming.  Shows 
some  standard  methods  of  planning  and  installing  or  revising 
farm  irrigation  systems. 

253.  Irrigation  in  Nebraska.  Nebraska  U-AV,  1949.  (Sound, 
color,  42  minutes.) 

Fundamental    irrigation   practices    and   procedures. 

254.  Right  as  Rain.  Modern  TP,  1951.  (Sound,  color,  free-loan, 
22  minutes.) 

Sponsored  by  the  Aluminum  Company  of  America.  Gives 
details  of  portable  sprinkler  irrigation  and  an  actual  test  of 
sprinkler-system  supplemental  irrigation  in  Illinois. 

255.  Right  as  Rain  and  New  Worlds  to  Conquer.  Farm  Flm  Fd, 
1953.  (Sound,  color,  free-loan,  35  minutes.) 

Sponsored  by  the  Aluminum  Company  of  America.  The 
first  film  presents  the  results  that  can  be  obtained  by  sprinkler 
irrigation  through  large  aluminum  pipe.  The  second  film  is  a 
"challenge  to  youth." 

For  other  and  more  recent  films  see  a  late  edition  of  Educa- 
tional Film  Guide,  published  by  the  H.  W.  Wilson  Company,  950 
University  Avenue,  New  York  52,  New  York.  Arrangements  to 
choose  and  secure  the  films  can  usually  be  made  through  your 
local  film  distribution  agency,  often  connected  with  your  uni- 
versity or  school  system. 


INDEX 


A 

Acreage 

larger  ones  desirable 115 

restrictions 25 

Advantages  of  supplemental 

irrigation    114 

Agriculture 

development  of  the  new 
frontier 108 

stabilized    20 

Application  rate 133 

Annual  cost 

comparison  of  sprinkling 

vs.   surface 83 

total 48 

Ames  surface  pipe 63 

Aluminum  pipe,  portable 40 

B 

Balanced  fanning 15 

Basin    irrigation 67 

Beneficial  use  of  water 29 

Border 

checks 65-66 

ditches 67 

Borders 

contour    67 

width  and  length  of 65 

Borings   90 

Bureau  of  Reclamation,  U.  S. 7 

C 
Check 1 

and  drop,  wooden 185 

wooden    186 

Checks 

border    65-66 

contour    67 

level    rectangular 67 

Chemical  elements,  essential 

for  plants 97 

Claypan 26 

Concrete 

inlet,  pipe  line 177 

pipe,  friction  in 176, 178 

Construction   methods 153 

Contour 

borders    67 

checks    67 

ditch  irrigation 68 

Contours : 53 

Control  of  water 47 

Conveyance  of  water 39 

Cooperation   29,  115 

Corn 18,  112 


Corrosion  of  various  metals 

by  commercial  fertilizers 105 

Corrugation  method 57,  64 

Corrugator 58 

Cost  of  irrigating 

electric  power 135 

general  factors 50 

original   50, 110 

pumping    122, 126 

total  annual 50,  110 

Costs  of  irrigating 

and    profits 110-113 

total 110 

total  original  surface 69 

total  original  sprinkling 81 

Crop 

culture,  high  type  of 13 

planning,  irrigated 18 

raising  more  than  one  per 

season    15 

yields,    irrigated 17 

Crops,  scheduling  of 14 

Culture,  higher  type  of 12 

Cutting    float 55 

D 

Deficiency 

fertilizer 99 

rainfall 21-22 

Delivery    gate 187 

Demonstrations  of  irrigation 5 

Desilting 

basin 136-137 

box 39 

Developments,  recent 22-25 

Disposal  of  excess  water 70 

Distribution  systems, 

surface 166-187 

Ditch 

farm 171 

system,   open 167 

Ditcher    59 

irrigation    42 

Ditches 

border    67 

earth    168 

maximum  velocities  for 169-171 

staking  out 177-182 

Division  box,  wooden 184 

Drainage 28 

combined  with  irrigation 70 

improved 24 

Drawdown  of  well 38 

Drop  and  check 185 

Drops  of  water,  size  of 77 


206 


Index 


207 


Droughts 

bad  21 

hidden    21 

little 20 

major 12 

E 

Earthwork  computation, 

leveling    162-164 

Economic  size  of  project 94-96 

Education  and  advice 15, 117-118 

Educational  background 25 

Educational  program 5 

Equipment 

farm 15 

leveling   53 

Erosion-control  terraces 67 

Evapotranspiration 90 

potential    91 

Evapotranspirometer 91 

Examples  of  irrigated  crop 

planning    18-20 

Excess  irrigation  v^^ater, 

disposal   of 69 

Excess  water  disposal 70 

Experience   available 15 

F 

Factory-like  farm  planning 11 

Farm 

ditch 171 

equipment    15 

irrigated    layout 41 

planning    11,  18-20 

ponds    30-31 

Farming,  revolution  in 5 

Farms,  a  single  plant  for 

several  116 

Federal    recognition 20 

Fertilization,    intensive 14 

Fertilizer 97-109 

and    irrigation 97 

deficiency    99 

quantities  to  apply 103 

suitable  materials  for 104-109 

Fertilizers 

applying  through  irrigation 

water   99-103 

mixed 108 

Field  capacity 89 

Films,    references 205 

Float,    cutting 55 

Float,  land  leveling 56 

Flooding    1 

wild    67 

Flumes 44, 172-176 

Forecastings  of  rain 90 

Friction  losses,  concrete  pipe 178 

Furrowing    58 

Furrow  irrigation 60,  62 

Furrows  or  rows 57 


flow  in 64 

lengths  of  run  for 64 

G 

Gate,    delivery 187 

Gated  surface  pipe 63 

Glossary    121 

Grade  checking 154 

Grades 

and    profiles 150, 160 

locating  on  profiles 149 

Gravity  supplies 30 

Ground    water 29 

H 

Hidden  drought 21 

Hose,   porous 87 

I 

Infiltration    rate 46,  77,  98 

Irrigate,  time  to 92 

Irrigated 

acreage,  western  and 

eastern 17 

pastures 18-20 

Irrigating 

head 93 

heads,  small 96 

Irrigation    16 

contour  ditch 68 

ditcher 42 

field  efficiency 130 

furrow 60,  62 

general,  references 188-193 

how  to  go  about 

starting   119-120 

methods  for  farm  unit 167 

special  crops,  references_194-197 

sprinkler    74-79 

surface,  references 200-201 

capacity  of  system 132 

when  and  how  much 89 

J 

Jet    pump 138 

L 

Labor  requirements,  sprinkling 

vs.    surface 83 

Land  values,  increase  in 13 

Laterals,  friction  in 134 

Layout,  irrigated  farm 41 

Leveling    52 

computation  of 

yardage    for 160-165 

correlation  with 

irrigation    methods 142-144 

earthwork  computation 162-164 

equipment 53, 153 

land    57 

float   56 


208 


Irrigation  for  Eastern  United  States 


land    plan 147 

land,  profiles  and  grades 150 

land,   scraper 54 

plan    145 

spot  grid 157 

staking  for 146 

surface  systems 142-165 

the  most  adaptable  type 67 

Level  notes 159 

Lift  in  pumping 28 

"Little   droughts" 20 

M 
Main  line  and  laterals, 

layout  of 134 

Map,  topographic 53 

Mark  Twain 12 

Markets,  better 24 

McVickar,  Dr.  Malcolm  H.__97-109 

Measurement,  units  of 121 

Meridian,  100° 13 

Meteorologists 6,  21 

Missouri    16 

irrigable    soils 27 

rainfall  deficiency 23 

N 

Nebraska,    eastern 16 

Necessary   conditions 26-29 

Nutrients 

leached    89 

minor  plant-food 98 

primary    plant-food 98 

secondary  plant-food 98 

O 

Original   costs 48 

P 

Pastures,  iiTigated 18-20 

Peak  moisture  use 132 

Pipe  line,  concrete  inlet 177 

Pipe  systems,  concrete 186 

Pipes,    underground 40 

Plant    foods 98 

Plant  nutrients  leached 89 

Plants 

closer  spacing  of 14 

how  they  feed 98 

selected  strains  of 14 

starving    99 

Plowing,  early  spring 52 

Ponds,  farm 30-31 

Portable 

aluminum  pipe 40 

pipe,  rapid  coupling 73 

sprinkler  system 124 

Porous  hose 87 

Power  cost 135 

Prices,  stabilizing  crop 11 

Prior  use  of  water 29 

Profiles  and  grades 150, 160 

Profits    111-113 

and  costs 110-113 


Promotion '. .' 116 

Pump 

and  electric  motor 

calculations 121 

and  motor  capacities  for 

sprinkling -. 136 

selection  of 38 

Pumping    122-127 

cost  of 122,  126-127 

example  of  a  portable 

installation 122 

open  water 31,  32,  34 

open    wells 34 

references   198-199 

wells 38 

R 

Rainfall 

deficiency 21-22 

irregularities   12 

Missouri    23 

poorly  distributed 11 

Rapid  coupling  portable  pipe 73 

Recent  eastern  irrigation 

developments    22-25 

Reclamation  Bureau,  U.  S 7 

Rectangular   checks 67 

References,  selected  and 

annotated    188-205 

Requirements  for  supplemental 

irrigation    114 

Restrictions,  acreage 25 

Revolution  in  American 

farming 5 

Rice   26 

Riparian  rights 29 

Root-zone   depths 45 

Rows  or  furrows 57 

"Rule  of  Thumb"  irrigation 

scheduling 91 

Rural  electrification 24 

S 

Saline    soils 28 

Scheduling  of  crops 14, 15 

Scrapers,  land  leveling 54 

Seabrook  Farms 11,  16,  91 

Semiportable  sprinkler 

system 131 

Size  of  project,  economic 94-96 

Skills  necessary,  relative 51 

Slope  of  land 52 

Soil 

auger 90 

ideal 26 

moisture  content 90 

reservoir 46 

top   52 

tube    90 

water  storage  in 45 

Soils,  irrigable  in  Missouri 27 

Sound  advice  necessary 81 


Index 


209 


Spacing 

line  and  lateral 133 
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